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DOCK    EQUIP3rEXT    FOR    THE    RAPID    HANDLING    OF 
COAL  AND  ORE  ON  THE  GREAT  AMERICAN  LAKES. 


By  Arthur  C.  Johnston,  Member  Civil  Engineers'  Club  of 
Cleveland. 


[Read  before  the  Club  January,   1900.*] 

Sir  WiLLiAAr  H.  White,  director  of  naval  construction  in  the 
British  navy,  in  a  recent  review  before  the  Institution  of  Mechanical 
Engineers,  says :  "One  of  the  most  marked  tendencies  in  recent 
construction  has  been  the  increase  in  size  and  carrying  power  of 
ships.  Unless  there  had  been  a  corresponding  development  in  the 
means  of  dealing  with  cargo  this  increase  in  size  could  hardly  have 
occurred,  and  the  advantages  resulting  from  that  increase  would 
not  have  been  realized."  And  further  he  says:  "It  is  well  recog- 
nized that  unless  there  is  'quick  dispatch'  in  loading  and  unloading 
cargoes  very  serious  diminutions  of  earnings  must  result  from  the 
longer  detention  in  port.  Hence  it  follows  that  for  the  complete 
commercial  success  of  the  larger  classes  of  cargo  carriers  lifting 
appliances  of  the  most  efficient  character  and  of  ample  capacity  are 
of  the  greatest  importance."  If  this  is  true  of  ocean-going  vessels, 
where  voyages  are,  on  the  average,  comparatively  long  and  ex- 
tended, to  a  much  greater  extent  is  it  true  of  vessels  carrying  cargo 
on  the  Great  Lakes,  where,  even  with  rapid  loading  and  discharg- 
ing of  cargoes,  the  ratio  of  time  spent  in  port  to  that  spent  in 
transit  is  very  great,  amounting  to  one-sixth  under  the  most  favor- 
able circumstances.  The  object  of  this  paper  is  to  deal  with  the 
special  types  of  machinery  built  for  the  purpose  of  insuring  "quick 
dispatch"  in  loading  and  unloading  the  enormous  tonnage  of  ore 
and  coal  that  is  shipped  annually  on  the  Great  Lakes,  the  founda- 

*Manuscript  received  January  12.  1900. — Secretary.  Ass'n  of  Eng.  Socs. 
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tion  of  the  gigantic  steel  industry  that  has  made  the  United  States 
a  competitor  in  the  markets  of  the  world. 

The  shipments  of  ore  from  Lake  Superior  iron  ranges  repre- 
sent roughly  one-third  of  the  entire  freight  traffic  on  the  lakes,  and 
for  this  reason  a  large  fleet  of  modern  cargo  vessels  has  heen  built 
specially  for  this  trade,  represented  as  a  type  by  the  tow  barge 
shown  in  Fig.  2,  the  steam  barges  being  of  the  same  general  type. 
The  largest  of  these  are  500  feet  long  and  50- foot  beam,  llic  dis- 
tinctive feature  of  these  boats  being  the  large  size  and  number  of 
hatches — 30  to  34  feet  long  by  8  feet  wide,  spaced  24  feet  center  to 
center  along  the  entire  available  deck  length.  This  greatly  facili- 
tates loading  and  unloading  operations,  at  the  expense,  however,  of 
the  strength  of  the  deck  plating,  since  the  ship  is  almost  cut  in  two 
crosswise  of  her  deck. 


AK(,K    Macxa.       iiKdSs    ToNXACK   3_'5g.     Net    Tonnage 
3124.     Keel  352  Feet.     Beam  44  Feet. 


In  Fig.  3  is  shown  the  cross-section  of  a  typical  ore-loading 
dock  and  the  method  of  loading  vessels.  The  ore  is  dropped  intO' 
the  pockets  from  drop-bottom  "Jumbo"  cars  running  on  the  tracks 
above,  and  from  the  pockets  the  chutes  discharge  the  ore  into  the 
vessels  lying  alongside  the  dock.  At  the  end  of  the  season  of  1898 
there  was.  at  the  different  points,  a  total  of  4354  pockets,  having  a 
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total  storage  capacity  of  623,612  gross  tons  of  ore,  constructed  at  a 
cost  of  about  $7,000,000.  The  following  table  gives  a  list  of  docks, 
with  principal  dimensions  and  location,  and  the  names  of  the  rail- 
way companies  owning  them : 


Length 

Width 

Height 

of 
Dock 
Water 

Storage 

Railway. 

Location. 

Dock 
No. 

of 
Dock 

of 
Dock 

No.  of 
Pockets 

Capac- 
ity. 
■  Gross 

in 

in 

to 
Deck. 

Feet. 

Feet. 

Tons. 

Duluth  and  Iron 

Two  Harbors, 

I 

1,056 

4i'o" 

45'6" 

141 

1 8,000 

Kange  R.  R.  Co. 

Minn. 

2 

1,24s 

57'o" 

208 

41,600 

.■? 

540 

49'o" 

5i'6" 

90 

16.000 

4 

1,008 

49'o" 

51 '6" 

168 

30,000 

5 

i,ooS 

49'o" 

54 '0" 

1 68 

33iOoo 

Duluth,  Masaba  and 

Duluth,  Minn. 

I 

2,340 

52'o" 

53'6" 

384 

57,600 

Northern. 

2 

,      1,738 

52'o" 

57'4" 

288 

42,400 

Duluth,  Superior  and 

Allouez  Bay 

I      ' 

1  a-    300 

49'8" 

52'o" 

40 

12,000 

Western  Ry. 

Superior,  Minn. 

t  b-I,200 

49'8" 

57'o" 

190 

25.500 

Chicago  and 

Ashland,  Wis. 

I 

1,404 

46'8" 

54'o" 

234 

36,036 

Northwestern  R.  R. 

2 

1,404 

46'o" 

58'8" 

234 

24.156 

Escabana,  Mich. 

I 

1,404 

37'o" 

46'o" 

184 

24,104 

3 

1,356 

37'o" 

39'o" 

226 

30,284 

4 

1,500 

37'o" 

59'2" 

250 

37,500 

5 

1.392 

37'o" 

51  10 

232 

43.152 

Duluth,  South  Shore 

Maniuette,  Mich. 

I 

1,700 

4o'o 

45'o" 

270 

27,000 

and  Atlantic  R.  R. 

3 

1,200 

53'6" 

37'''" 

213 

12,780 

4 

1,200 

36'S" 

47'3" 

200 

28,000 

Lake  Superior  and 

Ishpeming. 

Man|uette,  Mich. 

I 

1^200 

52'o" 

54'o" 

200 

36,000 

Minneapolis,  St.  Paul 

and  Sault  Ste.  Marie 

R.  R. 

Gladstone,  Mich. 

I 

76S 

37'o" 

47'o" 

120 

15,000 

Wisconsin  Central 

Lines. 

Ashland,  Wis. 

I 

1,908 

36'o" 

54'6" 

314 

33.500 

The  Duluth,  Masaba  and  Northern  Railway  has  now  under 
construction  a  new  dock  which  is  66  feet  6  inches  in  height,  62  feet 
in  width,  the  heel  of  the  spout  being  40  feet  above  the  water  line. 
There  will  be  192  pockets,  with  a  capacity  of  210  tons  each.  The 
additional  width  permits  the  placing  of  a  track  along  the  center  of 
the  dock  for  storing  empty  cars  and  minimizing  the  work  of  the 
switching  engmes.  The  dock  proper  will  require  6,500,000  feet  of 
sawed  timber  and  4780  pieces  of  piling. 

The  pockets  of  these  docks  can  be  filled  with  the  different 
grades  of  ore  ready  to  be  discharged  into  the  vessels  as  they  arrive, 
and  it  is  not  an  uncommon  thing  for  a  vessel  to  come  alongside  of 
one  of  these  docks,  take  on  a  cargo  of  5000  tons  of  ore  and  depart 
within  two  or  three  hours  from  the  time  it  reached  port.  In  the 
busy  seasons,  however,  the  vessels  are  loaded  directly  f-rom  the  cars 
by  dropping  the  ore  through  the  pockets.  Timbers  are  placed 
across  the  lower  hatch  to  break  the  fall  of  the  ore,  and,  with  proper 
manipulation  of  the  chutes,  an  entire  cargo  can  be  loaded  with  little 
or  no  trimming. 

The  following  table  gives  the  output  of  the  Lake  Superior 
ranges  from  1896  to  1890,  inclusive: 
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OUTPUT  OF  IRON  ORE  FROM   ALL   MINES  OF  THE  LAKE  SUPERIOR  ORE  REGION^    1895 

TO    1899,   INCLUSIVE. 

Ports.  1899.  189S.                   1S97.                  1896.                   1895. 

Escanaba 3,720,218  2,803,513  2,302,121  2,321,931  2,860,172 

Marquette 2,733.596  2,245,965  i,945.5i9  1,564.813  1,079.485 

Ashland 2,703,4'|7  2,391,088  2,067,637  1,566,236  2,350,219 

Two  Harbors 3,973.733  2,693,246  2,651,465  1,813,992  2,118,156 

Gladstone 381,457  335,955                  34i,oi4                  220.8S7                   109,211 

Superior 878,912  550.403                  531,825                   167,245                   117,884 

I>«liitli 3,509,965  2,635.262  2,376,064  1,988.932  1,598,783 

Total  by  lake 17,901,358  13,655,432  12,215,645  9,644,036  10,233,910 

Total  by  rail 369,241  253,993  290,792  195,127 

Total  shipments 17,901,358  14,024,673  12,469,638  9,934,828  10.429,037 

Practically  all  this  ore  is  unloaded  at  South  Chicago  for  con- 
sumption there,  or  at  some  of  the  Lake  Erie  ports  for  consumption 
in  the  Pittsburg  district.  The  relative  locations  of  these  places 
will  be  seen  on  the  map  in  Fig.  i.  One  of  the  most  recent  and 
largest  installations  of  ore-unloading  eciuipments  is  the  plant  on 
the  docks  of  the  Lorain  Steel  Company,  built  by  the  McMyler 
Manufacturing  Company,  and  shown  in  Fig.  4.  The  plant  con- 
sists of  four  machines  of  three  bridges  each,  the  distinctive  feature 
being  the  long  cantilever  of  127  feet  overhanging  the  boat  and 
the  great  length  of  bridge.  On  a  return  trip  from  the  bottom  of 
the  boat  to  the  extreme  end  of  the  rear  cantilever  the  bucket 
travels  940  feet.  As  will  be  seen,  the  ore  can  be  dumped  on  the 
stock  piles,  or  through  the  suspended  hoppers  into  cars,  which 
carry  it  to  the  furnaces  situated  directly  behind  the  hoists.  In 
I'lg.  5  is  shown  the  wagon  and  front  stop  used  on  these  machines, 
and  Fig.  6  is  a  detail  of  the  20-cubic-foot  bucket  used.  The  most 
economical  size  of  bucket  for  use  in  connection  with  ore  hoists  has 
been  found  to  be  from  17  to  20  cubic  feet  capacity,  as  a  larger  bucket 
is  so  heavy  for  the  shovelmen  to  handle  that  much  time  is  lost. 
Seventeen  cubic  feet  contain  one  gross  ton  of  light  soft  ore  or  2500 
pounds  of  hard  ore.  Each  bridge  of  the  conveyors  shown  in  Fig.  4 
is  equipped  with  a  pair  of  12  x  12-inch  non-reversing  engines  carry- 
ing a  40-inch  drum  directly  on  the  crank-shaft  for  the  main  hoist- 
ing rope.  As  will  be  seen  from  Vig.  5,  the  wagon  is  arranged  with 
a  "three-part"  hoist,  but  in  traveling  along  the  bridge  the  full  cir- 
cumferential speed  of  the  drum  is  effective  on  the  wagon;  so  that 
a  single  revolution  of  the  engine  carries  the  wagon  10  feet  5  inches 
along  the  bridge  in  trolleying,  or  lifts  the  bucket  3  feet  5f  inches  in 
hoisting,  thus  making  the  machines  very  quick  in  action.  In  re- 
turning the  wagon,  the  incline  of  the  bridge  is  aided  by  a  counter- 
weight in  the  rear  tower.  The  main  hoisting  ropes  are  >j  inch  in 
diameter  (i-inch  ropes  having  been  found  too  light  for  the  severe 
service),  running  on  24-inch  sheaves,  except  in  the  wagon,  where 
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they  are  17  inches,  and  in  the  hanging  block,  where  they  are  14^ 
inches  in  diameter.  The  engines  have  auxiliary  drums  for  hoisting 
the  boom  or  apron  that  overhangs  the  boat,  and  they  are  also  ar- 
ranged to  move  the  front  end  of  the  bridges  in  or  out  from  the 
center  bridge  in  order  to  accommodate  any  spacing  of  hatches  and 
to  propel  the  front  tower  along  the  track  parallel  to  the  dock  face. 
The  rear  towers  are  moved  by  a  locomotive  on  a  parallel  track. 
The  returning  wagon  is  controlled  by  a  band  brake  on  the  drum, 
worked  by  the  foot  of  the  operator.  These  machines  have  made 
some  remarkable  records  in  point  of  speed,  as  an  individual  wagon 
has  made  fifty  return  trips  per  hour,  carrying  the  bucket  from  the 


bottom  of  the  boat  to  a  point  halfway  between  the  towers.  The 
best  cargo  record  was  3241  gross  tons  taken  out  in  twelve  and  one- 
half  hours  by  six  bridges.  The  operator  is  located  in  the  front 
tower  in  these  machines,  in  full  view  of  the  hatch,  which  makes  the 
matter  of  getting  the  bucket  up  and  down  through  the  hatch  much 
easier  and  quicker  than  when  he  is  further  removed  from  the  boat. 
In  Fig.  7  is  shown  the  type  of  unloader  built  by  the  Brown 
Hoisting  and  Conveying  Machine  Company,  the  pioneers  in  the 
building  of  dock  machinery  on  the  lakes.  It  differs  from  the 
McMyler  hoists,  already  described,  in  the  type  of  towers  employed 
and  in  the  arrangement  of  the  towers.  The  engines  also  have  a 
single  reduction  gearing  between  the  crank-shaft  and  drum,  thus 
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using'  a  sniallcr  (.■iiginc  w  iili  higher  piston  speed.  The  machines  are 
generally  arranged  in  groups  of  two,  with  the  engines  and  hoilers 
and  operators  in  the  rear  tower.  Both  towers  are  generally  moved 
along  the  dock  by  hantl.  There  are  over  175  bridges  of  the  I'nnvn 
type  of  conveyor  at  the  di liferent  Lake  Erie  ports. 

In  Fig.  8  is  shown  yet  another  type  of  ore  unloader,  built  by  the 
King  Bridge  Company.  Its  distinctive  feature  is  the  great  free- 
dom of  motion  of  the  bucket.  In  both  the  Brown  and  the  McMyler 
type  the  hanging  block  is  locked  in  the  wagon,  and  cannot  be  re- 
leased without  striking  a  stop  which  is  bolted  between  the  tracks. 
Thus,  when  unloading  very  narrow  boats,  the  front  stop  on  the 
apron  nnist  be  moved  in  till  it  is  vertically  over  the  center  of  the 
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Fig.  6. 


liatch,  and,  similarly,  for  loading  into  a  car  on  a  track  under  the 
rear  cantilever  a  stop  must  be  placed  over  the  center  of  the  track 
to  allow  the  bucket  to  be  lowered  in  order  to  reduce  the  drop  of  the 
ore.  In  the  King  machines,  however,  the  bucket  can  be  raised  or 
lowered  to  any  desired  height  simultaneously  with  its  travel  along 
the  bridge.  The  dock  records  of  Conneaut  Harbor  show  that  noth- 
ing is  lost  in  point  of  speed  of  operation,  and,  considering  its  advan- 
tages, it  is  surprising  that  the  system  has  not  been  used  to  a  much 
greater  extent ;  its  only  disadvantage  being  that  three  drums  and 
reversing  engines  are  required  for  its  operation. 

When  railway  cars  are  always  available  "direct  unloaders"  are 
used  to  transfer  the  ore  directly  to  cars.  The  latest  plant  of  this 
kind  is  that  shown  in  Figs.  9  and  10,  built  by  the  McMyler  Manu- 
facturing Company  for  the  Pittsburg  and  Conneaut  Dock  Company, 
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at  Conneaut,  Ohio.  These  machines  have  attracted  a  great  deal  of 
attention,  and  a  description  of  their  equipment  will  be  of  interest. 
Each  machine,  complete  in  itself,  carries  three  bridges,  which  can 
be  racked  in  and  out  to  suit  any  spacing  of  hatches  from  21  to  36 
feet  centers.  The  bridges  cover  five  loading  tracks,  and  are  high 
enough  to  acommodate  the  largest  lake  vessels.  An  80  H.  P. 
locomotive-type  boiler  supplies  steam  to  three  pairs  of  10^  x  14- 
inch  reversing  engines.  Each  pair  of  engines  has  40-inch  drums 
for  both  hoisting  and  trolleying,  mounted  on  the  crank-shaft,  the 


Fig.  7.     Brown  Type  Ore  Hoist. 

wagon  having  a  three-part  hoist.  A  feature  of  the  arrangement  of 
the  engine  is  the  method  of  controlling  the  clutch  and  brake  for  the 
trolleying  drum,  by  using  a  steam  cylinder,  which,  when  it  sets  the 
brake,  at  the  same  time  releases  the  clutch,  and  vice  versa.  Nine- 
sixteenths-inch  cables  are  used  for  hoisting,  running  on  24-inch 
sheaves,  except  in  the  wagon,  where  they  are  17-inch,  and  in  the 
hanging  block  15  inches  in  diameter.  .  It  is  made  impossible  for  a 
rope  to  leave  the  sheave  by  the  use  of  the  very  simple  guard  shown 
m  Fig.  II.     The  machines  can  travel  along  the  dock  h\  steam,  and 


Fig.  8. 

the  racking  of  bridges  is  also  effected  by  the  engines.  All  move- 
ments other  than  hoisting  and  trolleying  of  the  bucket  are  accom- 
plished by  means  of  a  jack-shaft  driven  by  a  pinion  on  the  crank- 
shaft of  the  main  engines.  Under  actual  working  conditions  the 
capacity  of  the  plant  of  twelve  bridges  at  Conneaut  is  6000  gross 
tons  per  day. 

In  a  similar  direct  unloading  plant  built  by  the  Brown  Hoisting 
and  Conveying  Machine  Company  on  the  C.  and  P.  docks  at  Cleve- 
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laml  the  driini  is  geared  to  the  crank-shaft,  ami  the  "suspended 
liook"  is  used.  In  neitlier  the  Brown  nor  the  McMyler  direct  un- 
loaders  is  the  lianging-  hUick  locked  in  the  wagon,  except  to  obtain 
the  maximum  clearance  under  the  bucket.  The  lock  on  the  wagon 
is  x'cry  liandy.  hmvevcr,  to  hang  em])ty  ])uckets  from  when  the 
machine  is  idle. 

\\"\{h  all  these  machines,  in  which  the  buckets  are  filled  bv  hand, 
the  actual  cost  of  handling"  the  buckets  is  very  small,  varying  accord- 
ing to  how  nearly  up  to  its  full  capacity  a  machine  is  worked ;  but 
imder  actual   working  conditions,   from   figures   prepared   by   ]\Ir. 


Fig.  9.     McMvLER  Dirfxt  Ore  Unlo.vders.     Pittsburg  and  Conneaut  Dock 
Co.,  Conneaut,  Ohio. 

A.  E.  Brown,  the  cost  per  gross  ton  of  ore  handled  by  his  machines 
varies  from  0.7  cent  to  1.37  cents.  But  the  greatest  expense  is 
incurred  in  filling  the  buckets.  The  shovelmen  are  paid  from  10^- 
cents  to  13  cents  per  gross  ton,  so  that,  at  an  average  rate  of  1 1  cents 
per  ton,  it  cost  $1,980,000  for  shoveling  to  unload  the  18,000,000 
tons  of  ore  shipped  this  year.  It  was  to  reduce  this  cost  that  the 
Hulett  ore  unloader,  shown  in  Figs.  12,  13  and  14,  was  designed  and 
built  by  the  Webster,  Camp  &  Lane  Machine  Company  for  the 
Pittsburg  and  Conneaut  Dock  Company  at  Conneaut.  Up  to  the 
present  not  enough  has  been  done  witli  this  machine  to  obtain  any 
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(lata  in  regard  to  its  pcrfuniiancc.  its  mclliod  of  ()i)cratioii  will  be 
evident,  however.  Tlic  huckct  i.s  tlcsigned  to  lift  10  tons  of  ore  at 
one  scoop  and  dunij)  it  into  the  railway  car,*^,  or  into  a  .skip  which 
can  deliver  it  to  the  .stock  piles.  All  the  motions  on  the  trolley 
carrying"  the  tiltini;-  girder  are  effected  hy  hydraulic  power,  the 
puinjis  and  tank  being  carried  on  the  trolley  itself,  and  the  steam- 
loaded  accunmlator  is  used  to  partly  balance  the  weight  of  the 
bucket.  The  operator  is  located  just  above  the  bucket,  and  descends 
into  the  hatch  with  it.  The  bucket  can  rotate  in  either  direction 
about  the  axis  of  the  \ertical  ram,  thus  enabling  the  ore  lying  in 
between  hatches  to  l)e  reached.  It  is  expected  that  very  little  of 
the  ore  will  have  to  be  shoveled  bv  hand  with  this  machine. 


---v^'^v'-'^'^:^;^ 


Fig.  II.     Rope  Guard  for  She.wes. 

The  large  vessels  returning  from  the  lower  lake  ports  go  up  in 
water  ballast  or  take  a  return  cargo  of  coal ;  and  to  facilitate  the 
loading  of  the  enormous  tonnage  that  is  carried  to  the  upper  lake 
ports  each  year  the  car  dnni])er  has  been  developed, — a  machine 
which  picks  up  bodily  a  car  weighing  17^  tons  and  carrying  40 
tons  of  coal  and  empties  the  contents  into  the  hold  of  a  vessel  at 
the  rate  of  as  high  as  thirty  cars  per  hour.  big.  15  shows  the  first 
type  of  McMyler  "side  dump'"  machine  l)uilt  on  the  lakes.  The 
first  successful  machines  were  ot'  the  "end  dump""  type,  but  they 
require  special  cars.  The\-  are  still  in  operation,  one  at  Ashtabula 
and  one  at  Fairport.  The  machine  shown  in  Fig.  15  is  very  flexi- 
ble in  operation,  as  the  hinge  of  the  aprons  may  be  raised  or  lowered 
verticall}'  to  suit  au_\-  class  of  vessel,  and  tlu'  car  and  cradle  in 
ascending  begin  to  turn  over  on  striking  the  hinge  point  of  the 
apron.  This  machine  has  been  Imilt  with  several  types  of  chutes, 
but  perhaps  the  most  successful  is  the  telescopic  chute  shown,  as  by 
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Fig.    12.     HuLETT  Ore  Unloader  built  by  the  Webster,   Camp  &   Lane 
Machine  Co.  for  the  Pittsburg  and  Conneaut  Dock  Co. 


Fig.   13.     Hulett  Ore  Unloader. 
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its  use  much  trimming  of  cargo  is  avoided.  The  car-clamping 
mechanism  is  beautifully  simple,  being  ftierely  four  chains  with 
counterweights  suspended,  the  chains  wrapping  round  the  car  as  it 
is  overturned.     The  calcic  is  hoisted  bv  four  t  {-inch  cables  arranged 


as  a  "two-part"  hoist  on  45-inch  tlrums,  driven  through  doul)le 
reduction  gearing  l)y  a  pair  of  14  x  18-inch  engines.  The  load  is 
lowered  by  using  the  engines  as  air  pumps  and  throttling  the 
exhaust,  or  with  a  foot  brake,  as  desired.     In  operation  the  machine, 
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though  so  powerful,  is  extremely  simple,  eousidering  the  work  it 
accouiplishes,  aud  has  a  reeor.l  of  lliirty-two  cars  an  hour;  but  of 
course  this  speed  cammt  he  maintained,  on  account  of  delays  in 
switching  cars  and  shifiing  the  boat  to  reach  different  hatches. 
There  are  three  machines  of  ihis  type  in  oi)eration  :  one  on  the 
docks  of  the  Cuddy-Midlen  C  oal  Compan}  at  Cleveland,  one  on  the 
docks  of  the  Cleveland  rerminal  and  \alle\  Railway  at  Cleveland 
and  one  at  Erie,  Pa.,  on  the  docks  of  the  h'rie  and  Pittsburg-  Rail- 
way. 

Fig.  16  shows  the  latest  type  of  McMyler  car  dumper  ;  designed 
to  handle  the  coal  more  gently,  in  order  to  reduce  the  breakage  to 
as  small  a  percentage  as  possible.     There  are  also  three  of  these 


Fig.  16. 

machines  in  operation  ;  one  operated  by  the  I'ittsburg  and  Conneaut 
Dock  Company  at  Conneaut.  ( )hi(X  another  by  the  Cleveland,  Lorain 
and  Wheeling  Railway  at  Lorain  and  a  third  at  Ashtabula.  As 
will  be  seen,  the  coal  is  first  dum])ed  into  a  pan,  which  is  partly 
overturned  to  receive  the  coal  as  it  rolls  out  of  the  car.  'Jdie  pan 
is  then  hoisted — the  car  being  lowered  meanwhile — until  the  chute 
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is  reached,  when  a  door  in  the  pan  opens  automatically  and  dis- 
charges the  coal  into  the  chute.  This  machine  is  also  very  fast, 
and  liandles  regularly,  under  working  conditions,  looo  tons  of  coal 
per  hour.  All  the  motions,  with  the  exception  of  hauling  the  cars 
onto  the  cradle,  are  performed  by  a  single  pair  of  i6  x  i8-inch 
engines.  The  car  and  cradle  are  hoisted  by  eight  i^-inch  cables  on 
6o-inch  drums,  geared  to  the  crank-shaft  by  single  reduction  gear- 
ing. The  operations  of  hoisting  and  tipping  the  pan  are  accom- 
plished with  sixteen  i-inch  ropes  on  four  drums  40  inches  in 
diameter.  The  unit  stresses  specified  by  the  P.  and  C.  Dock  Com- 
pany's specifications  covering  this  machine  were  as  follows : 

UNIT   STRESSES. 

Direct  tension  machinery  steel  in  structural  work,      10,000  ( i  +    "^ —  ) 

\        2  max./ 

Tension  flanges  of  built  girders,  8,000  / 1  H^ "    j 

\        2  max./ 

Tension  flanges  of  symmetrical  rolled  sections,  10,000  ( i  + '-  ) 

\        2  max./ 

Direct  compression,  (10,000  —  30        )  (1+  J 

\  r  /   \         2 max./ 

Maximum  limiting  value  for  direct  compression,  ~  --  120. 

r 

1  =  length  of  member  in  inches. 

r  =  least  radius  of  gyration  in  inches. 

Unstayed  length  of  flanges  for  built  beams,      —  =  16. 

w 

Unstayed  length  of  flanges  for  rolled  beams,  —  =  20. 

w 

1  ~  length  of  unstayed  flange  in  inches. 

w  =  width  of  flange  in  inches. 

Allowance  for  impact  of  moving  loads,  50  to  100  per  cent. 

.   MACHINERY   SPECIFICATIONS. 

Babbitted  bearing  pressures. 

For  steady    pressures — pressure    per  square  inch    ■    velocity  of  journal 

in  feet  per  minute  must  not  exceed  60,000. 
For  intermittent  pressures,  use  120,000. 

For  slow  moving  bearings  (not  over  100  feet  per  minute),  use  600 pounds 
per  square  inch. 
Chain  and  rope  sheaves  and  drums. 

For  link  chains,  ^'^'^-  "^  ^^^^  not  less  than  18. 
diam.  of  chain 

diam.  ofdrum  ^ot  less  than  24. 


diam.  of  chain 

Ropes,  diam.  of  rope    ^^^  ^^^^^^^  ^^^^  j_ 

diam.  of  sheave 

^am.  of  rope    ^^^  ^^^^^^^  ^^^^  ^,^ 
diam.  of  drum 

For  all  sheaves,     A^^^^^J  P'"     not  greater  than  4. 
diam.  of  sheave 
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The  lirown  lloistiiii;-  and  Convoking-  Machine  Company  lias 
built  five  car  dumpers  that  handle  the  coal  still  more  gently,  but  on 
that  account  they  are  necessarily  slower  in  operation.  With  these 
machines  the  coal  is  clumped  from  the  cars  into  six  buckets  carried 
on  a  transfer  car.  i-'ach  of  these  buckets  is  then  lifted  by  either  of 
two  traveling  cranes,  which  carries  it  out  over  the  boat  and  lowers 
it  into  the  hatch,  w  hen  the  bottom  is  opened  and  the  bucket  drawn 
away,  thus  placing  the  coal  very  gently  and  just  where  wanted. 
The  mechanical  arrangements  are  very  ingenious  and  well  executed 
in  securing  the  complicated  motions  necessary. 

The  Hulett  car  dumper,  built  by  the  Webster,  Camp  &  Lane 
IMachine  Company  for  the  Rochester  and  Pittsburg  Coal  and  Iron 
Company  at  Buffalo,  works  somewhat  on  the  principle  of  the  Brown 
car  dumper,  but  it  is  nnich  simplified  by  using  only  two  buckets ; 
in  fact,  the  whole  machine  is  comparatively  simple.  The  clamping 
mechanism  is  of  the  same  type  as  that  of  the  McMyler  machine. 
The  engines  for  tipping  the  cradle  are  located  underneath  same, 
while  those  for  controlling  the  buckets  are  located  on  the  platform 
on  top  of  the  machine.  The  tracks  on  which  the  trolleys  carrying 
the  buckets  run  can  both  be  swiveled  about  a  pivotal  point  by  hand 
to  suit  any  spacing  of  hatches.  The  machine  can  handle  regularly 
twenty  cars  an  hour,  but  the  switching  room  at  Buffalo  is  so 
limited  that  a  sufficient  supply  of  cars  cannot  readily  be  made 
accessible  to  the  machine. 

A  novel  design  of  car  dumper  is  shown  in  Figs.  17  and  18, 
built  by  the  Excelsior  Iron  Works  Company  for  the  Erie  Coal 
Transfer  Company  at  Cleveland.  This  is  an  exceedingly  fast 
machine,  and  its  operation  is  very  simple.  The  loaded  car  is  pushed 
into  the  cylinder  by  a  locomotive,  and  the  cylinder  and  car  are 
turned  over  by  a  steam  cylinder  of  long  stroke  operating  through  a 
"two-part"  rope.  In  turning  over  the  car  is  supported  on  its  side 
by  a  hydraulic  cylinder  and  clamped  on  top  by  a  simple  device. 
The  machine  is  well  adapted  to  its  peculiar  location,  where  the 
bank  of  the  river  is  very  high,  but  the  fall  of  the  coal  is  considerable. 

In  all  the  car  dumpers  the  speed  depends  largely  on  the  switch- 
ing arrangements  and  on  the  storage  capacity  for  loaded  and  empty 
cars.  The  three  methods  in  use  for  bringing  the  loaded  cars  into 
the  machine  are : 

First.     By  means  of  a  locomotive. 

Second.  By  storing  the  loaded  cars  on  tracks  iiax^ing  a  down 
grade  into  the  machine. 

Third.  By  the  use  of  a  haulage  nude  similar  to  that  shown  on 
Fig.  19. 
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Fig.  17.     Car  Dumper  built  by  the  Excelsior  Iron  Works  Co.     Erie  Co.\l 
Transfer  Co.,  Cleveland,  Ohio. 


Fig.  18.     Car  Dumper  built  by  the  E.xcelsior  Iron  Works  Co. 
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111  the  last  case  there  is  a  s^rade  up  into  tlte  machine.  The 
loaded  car  pushes  the  empty  car  out  in  all  cases. 

Car  (lumpers  are  also  used  for  fueling-  vessels,  althoui^ii  some 
of  the  fuel  hatches  cannot  he  reached  h\-  the  chutes;  hut  most  docks 
handliuL;'  fuel  alone  are  ei|uii)i)ed  with  coal  pockets  at  a  sufficient 
elevation  to  tlischari^e  the  coal  throiis^h  cluUes  into  the  coal  hunkers, 
the  pockets  themselves  hein^'  filled  h\-  drop-hottom  cars  from  a 
track  carried  on  top.  Im^-.  K)  shows  the  equipment  of  a  large  fuel- 
ing hlock  o])erated  hy  the  C/tuldy-AluUen  Coal  Company  at  Cleve- 
land, huilt  specially  for  fueling  the  passenger  steamers  "Northwest" 
and  "'Xorthland."  The  chutes  in  this  case  are  round,  in  order  to 
inclose  the  dust.  The  method  of  hauling  the  coal  cars  u])  the  steep 
trrade  is  shown:  also  the  ingenious  method  of  holding  the  mule 
down  to  its  track,  thus  preventing  it  from  climbing,  due  to  the  fric- 
tion between  the  coupler  and  the  front  of  the  mule. 

b'or  unloading  coal  at  the  Northern  ports  there  are  many  si:)ecial 
machines  of  the  iirown  ty])e  and  others  adapted  to  the  special  condi- 
tions, such  as  storage  for  railroad  reshipment.  and  wagon  delivery 
in  large  cities.  Many  of  the  large  mining  companies  also  have 
extensive  coal  storage  docks  to  tide  them  over  the  four  months  of 
closed  navigation.  A  notable  storage  plant  is  that  of  the  Lehigh 
X'alley  Coal  Company  at  West  Superior,  Wis.,  in  which  there  is 
storage  capacity  for  100,000  tons  of  anthracite  coal  under  cover  by 
the  Dodge  system,  and  for  90,000  tons  of  liituminous  coal  exposed, 
in  piles  not  over  thirty  feet  high  as  a  precaution  against  s])ontaneous 
combustion.  At  this  plant  all  the  operations  of  unloading  from  the 
l)oats,  storing  and  reloafling  into  the  cars  are  i)er formed  by 
machinery. 

The  most  surprising  featiH"e  in  ctmnection  with  tlie  e(|uii)ment 
of  docks  generally  on  the  lakes — using  the  word  dock  in  the  Ameri- 
can sense  of  pier  or  landing  to  which  a  boat  ties  — is  that  such 
highl\-  im])roved  and  ex])ensive  machiner\-  should  be  placed  on  such 
poor  and  entirely  inadecpiate  foundations  ;  often  merely  a  few  piles 
driven  in  soft  mud  many  feet  below  the  water  line,  with  little  or  no 
cross-bracing  to  give  them  some  rigidity.  Idiis  is  probablx  due  to 
the  nervous  speed  with  which  a  great  man}-  dock  im])ro\ements  and 
extensions"  have  been  made. 

There  is  a  growing  feeling,  howe\er,  in  favor  of  great  im- 
provements in  this  direction,  and  as  examples  of  recent  construc- 
tion Figs.  20  and  21  are  introduced.  Fig.  20  is  the  cross-section 
of  a  dock  built  by  the  Illinois  Steel  Company  at  their  South  Chicago 
works  which  has  attracted  a  great  deal  of  attention  from  engineers 
in  this  country.  This  dock,  which  is  1608  feet  long,  was  built  at 
the  rate  of  about  15  feet  per  day.      l"ig.  21  is  a  cross-section  through 
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the  foumlatioii  for  the  McMyler  car  dumper  on  the  dock  of  the 
Pittsburg-  and  Conncaut  Dock  Company  at  Conncaut,  Ohio.  This 
foundation  has  proved  itself  to  be  immovalile. 

it  will  l)e  of  interest  here  to  (juote  from  the  "Blue  Book  of 


tL^ 


American  Shipping,"  issued  1)\-  the  Marine  Keviezv,  that  on  the 
Great  Lakes  there  are  "the  greatest  iron  mining  resources,  most 
rapid  cargo-handling  facilities  and  the  most  efficient  iron-producing 
plants  in  the  world,"  together  with  tlie  statement  that  "it  is  possible 
to  take  ore  from  the  mountain  iron  mine  and  convert  it  into  steel 
ship  plate  within  ten  days."  While  not  becoming  responsible  for 
the  accuracy  of  the  last  statement,  quoting  from  the  same  source, 
the  explanation  is  as  follows : 

'"Suppose  that  on  the  first  da}-  and  night  of  a  month  9000  tons 
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were  mined  and  loatlcd.  The  second  day  at  noon  this  ore  could  be 
run  onto  the  Duhith.  Mesaba  and  Northern  Railway  docks  at 
Duluth,  80  miles  from  the  mine,  and  dumped  into  pockets.  Each 
of  the  two  docks  lacks  600  feet  of  being-  one-half  mile  long,  and  both 
have  capacity  for  100,000  tons  of  ore.  In  one  hour  the  9000  tons 
could  be  loaded  into  a  Bessemer  steamer  and  barge,  424  and  366 
feet  long  respectively.  The  Bessemer  fleet  consists  of  ten  steamers 
and  eleven  barges,  and  the  carrying  capacity  of  the  fleet  for  one 
season,  between  eight  and  nine  months,  is  over  1,500,000  tons.  At 
one  o'clock  on  the  second  day  the  steamer  and  consort  would  start 
on  their  890-mile  trip.  On  the  sixth  day  at  one  o'clock  they  would 
arrive  at  Conneaut,  Ohio,  the  steamer,  we  will  say,  going  to  the 
McMyler  rapid  direct-unloading  plant  and  the  consort  to  the  Brown 
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plant.  The  seventh  day  at  one  o'clock  the  9000  tons  of  ore  would 
have  been  taken  from  the  holds  of  the  vessels  and  loaded  into  180 
of  the  50-ton  steel  cars,  of  which  the  Pittsburg,  Bessemer  and  Lake 
Erie  has  600  and  is  building  400  more.  On  the  morning  of  the 
eighth  day  these  cars  would  be  delivered  to  the  furnace  at  Bessemer 
or  Duquesne,  tlie  four-stack  furnace,  having  annual  capacity  of 
800,000  gross  tons  of  pig  iron,  at  the  latter  point.  The  distance 
from  Conneaut  to  this  furnace  is  about  150  miles.  On  the  ninth  day, 
at  seven  o'clock  in  the  luorning,  the  ore  would  have  run  through  the 
cupola  and  could  be  transferred  to  the  Bessemer  converter  or  mixer, 
and  in  less  than  an  hour  be  turned  into  steel  ingots.  These  ingots 
could  l^e  taken  hot  to  the  ])late  mill  and  made  into  ship  plate  in,  one 
hour;  or  if  from  the  furnace  the  iron  was  made  into  pigs,  some 
eight  hours  more  would  be  required  to  make  ingots  of  the  pig. 
By  the  evening  of  llie  ninth  day  this  plate  would  be  ready  for  ship- 
ment. Even  if  twenty-four  hours  for  delays  are  added,  it  is  shown 
that  in  ten  days  ore  from  Lake  Superior  can  be  made  into  plate  on 
a  larger  scale  than  in  an)-  other  country  in  the  world,  and  at  con- 
siderablv  less  cost." 
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Society. 


I.       IXTRODUCTORV. 

M.vsoxRV  construction,  in  its  relation  to  engineering,  may  be 
regarded  as  the  origin  from  which  the  present  science  was  evolved 
by  a  gradual  progress  of  human  research  and  experience.  In  the 
history  of  the  world's  advancement  it  constitutes  a  measure  of  the 
degree  of  civilization.  It  is  older  than  the  w'ritten  history  of  any 
people ;  it  ranks  as  the  foremost  instance  in  the  adaptation  of 
nature's  forces  and  products  to  the  uses  and  convenience  of  man ; 
and.  as  an  engineering  subject  it  deserves  the  highest  considerations, 
and  gives  birth  to  monumental  works  which,  by  their  natural  beauty 
and  lasting  (|ualities,  stand  as  wonders  of  the  world. 

The  volumes  treating  of  the  mechanics  of  engineering  con- 
struction, or  more  particularly  the  subjects  of  earth  pressure,  retain- 
ing walls  and  masonry  arches,  constitute  a  very  voluminous  library. 
It  would  require  many  years  of  patient  reading  to  review  only  the 
most  important  German,  French,  English  and  American  produc- 
tions. However,  to  infer  from  this,  that  our  knowledge  of  the 
theories  of  masonry  structures  has  advanced  to  a  state  commen- 
surate to  modern  engineering  science,  is  entirely  erroneous.  On 
the  contrarw  this  vast  mass  of  literature  represents  in  reality  an 
unceasing  ellort  to  determine  a  few  complex  natural  laws  by  an 
endless  series  of  matliematical  speculations,  based  on  a  meager 
assortment  of  experimental  data. 

The  truth  of  this  assertion  must  be  conceded  when  it  is  remem- 
bered that  all  of  our  theories  on  earth  pressure  are  derived  from 
miniature  laboratory  experiments,  generally  made  with  sand  or 
grain,  and  under  conditions  vastly  ditTerent  from  those  found  in 
nature.  To  within  four  years  ago  experiments  relating  to  masonry 
arches  were  limited  to  a  very  few  of  almost  insignificant  character. 
As  problems  of  this  nature  can  be  solved  only  by  empirical  methods, 
it  is  natural  to  conclude  that  the  empirical  laws  found  api^ly  only 
witliin  the  scope  of  the  experiments.  Hence  earth  ])ressure  and 
arch  theories  based  on  small  laboratory  tests  are  ([uite  worthless 
when  applied  to  full-size  structures.  Modern  writers  frequently 
treat  of  these. subjects,  but  they  advance  nothing  essentially  new. 
Starting  from  the  same  erroneous  assunq^tions  enqjloyed  b}-  the  old 
pioneers,  thev  arrive  at  the  same  old  conclusions,  though  the  inter- 
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mediate  steps  may  be  new  and  original.  Hence  such  efforts  do  not 
represent  real  progress. 

Much  credit  is  due  to  the  old  theorists,  among  whom  may  be 
mentioned  Coulomb,  Poncelet,  Scheffler,  Culmann,  Redtenbacher, 
Mohr,  Considere,  Winkler,  Levi,  Rankine,  Weyrauch  and  many 
others.  They  have  practically  exhausted  the  subject  as  far  as  the 
meager  experimental  data  available  would  warrant,  and  since  the 
time  of  their  investigations  little  or  no  progress  has  been  made 
toward  a  satisfactory  solution  of  the  perplexing  problem  of  earth 
pressure  upon  which  the  analysis  of  a  large  class  of  masonry  struc- 
tures depends. 

Unlike  the  chaotic  condition  existing  in  regard  to  earth  pres- 
sure theories,  our  knowledge  of  constructive  details  has  steadily 
increased,  and  many  modern  masonry  structures  stand  as  monu- 
ments to  engineering  genius. 

Despite  the  test  of  time  which  the  numerous  engineering  stone 
structures  of  past  ages  have  endured,  it  is  nevertheless  true  that  our 
modern  high-grade  masonry  generally  excels  in  quality  and  appear- 
ance the  famous  specimens  of  mediaeval  and  ancient  production. 
However,  this  is  not  generally  true  of  the  esthetic  feature  of  modern 
designs. 

Our  modern,  practical,  improved  methods  of  construction  have 
never  been  excelled,  or  even  equaled ;  and  this  feature  in  particular 
is  entitled  to  even  more  credit  as  pertaining  to  engineering  progress 
than  would  be  a  purely  theoretical  advancement. 

While  the  pyramids  of  Egypt  are  still  recognized  as  a  "world 
wonder,"  yet  the  conditions  under  which  they  were  produced,  if 
known  to  us,  would  probably  permit  of  their  construction  now  as 
well  as  in  ages  past. 

The  wonderful  improvements  made  in  recent  years  in  the 
manufacture  of  cements  is  undoubtedly  responsible  for  much  of  the 
success  attending  modern  achievements  in  masonry  construction. 

The  elaborate  arch  tests,  made  in  1890-95  by  the  Austrian 
Society  of  Engineers  and  Architects,  demonstrate  that  fixed  arches 
may,  within  certain  limits,  be  designed  and  constructed  by  the 
methods  hitherto  employed  without  incurring  more  error  than  is 
inherent  in  the  nature  of  the  problem,  but  the  inference  frequently 
drawn  from  these  tests  regarding  the  applicability  and  reliability  of 
past  theory  and  practice  respecting  long-span  fixed  masonry  arches 
is  somewhat  erroneous.  In  fact,  these  experiments  show  conclu- 
sively that  fixed  masonry  arches  invariably  fail  by  flexure,  and  not 
necessarily  by  compression ;  as  under  heavy  loading  the  masonry 
breaks  its  continuity  at  the  haunches  and  later  at  other  points, 
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creating-  llcxil)le  or  hinged  joints;  and  failnre  Hnallv  occurs  by  a 
collai)se  of  the  masonry  at  the  points  so  weakened. 

In  the  Hght  of  these  tests,  therefore,  it  would  seem  proper  to 
provide  artificial  hinges,  thereby  making  the  masonry  arch  suscep- 
tible to  rigid  analysis,  permitting  higher  unit  working  stresses  and 
obviating  the  danger  of  objectionable  and  often  serious  cracks 
generally  occurring  in  large  arches.  This  idea,  after  passing 
through  various  primitive  stages  in  its  development,  finally  resulted 
in  the  production  of  a  perfect  three-hinged  masonry  arch,  of  which 
type  numerous  masonry  and  concrete  bridges  have  recently  been 
erected  in  Germany.  They  have  proven  a  success,  and  virtually 
mark  a  new  era  in  masonry  arch  construction,  as  the  introduction 
of  hinges  has  removed  the  innumerable  difficulties  attending  the 
computation  and  construction  of  large  masonry  arches. 

In  the  following  the  subject  is  considered  more  in  detail  under 
separate  headings : 

2.       EARTH    PRESSURE    THEORIES. 

Theories  in  Common  Use. 

Classification  of  Theories.  These  may  be  divided  into  two 
principal  classes : 

First,  those  in  which  it  is  assumed  that  when  the  retaining  wall 
of  an  earth  bank  fails,  a  prism  of  the  supported  earth  severs  its  con- 
nection from  the  bank  and  slides  on  a  plane  surface  called  the  sur- 
face of  rupture.  This  is  called  the  "theory  of  the  prism  of  maxi- 
mum pressure,"  originated  by  Coulomb,  Poncelet  and  Scheffler,  and 
was  solved  graphically  by  Professors  Mohr  and  Karl  von  Ott. 

The  second  class  is  founded  on  the  theory  of  conjugate  pres- 
sures. The  dififerential  equations,  representing  the  equilibrium  of 
a  particle  of  earth  in  the  interior  of  a  mass,  are  applied  to  any  point 
in  this  mass,  and  by  integration  the  total  resultant  earth  pressure  is 
found.  This  theory,  proposed  by  Rankine,  Levi,  Concidere,  St. 
Venant,  Winkler,  Mohr  and  \\'e}rauch,  is  called  "the  theory  of 
earth  pressure  in  the  indefinite  mass."  The  graphical  solutions  of 
Professors  Culmann,  Scheffler,  Karl  von  Ott,  Winkler  and  Chas.  E. 
Greene  are  based  on  this  theory. 

Assumptions.  These  theories  are  based  on  certain  assump- 
tions, and  when  applied  to  retaining  walls  give  rise  to  contradictions 
which  cannot  be  harmonized  with  facts  observed  in  practice.  While 
this  is  not  surprising,  especially  when  all  the  phases  of  the  problem 
are  considered  together  with  the  very  limited  experiments  upon 
which  the  theories  are  based,  yet  it  is  very  perplexing  and  often 
discouraging  to  the  practicing  engineer,  who  considers  himself  a 
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nicnil)ei"  of  a  learned  ])rofession.  when  he  begins  to  reahze  his 
inahihty  to  solve  what  ajjpears  to  ])e  a  most  simple  prol)lem  in  engi- 
neering" mechanies. 

The  assumptions  are  as  follows:  i.  That  a  certain  kind  of 
earth  possesses  a  certain  constant  angle  of  repose.  2.  That  when 
an  earth  bank  is  artiticially  constructed  with  a  slope  exceeding  the 
angle  oi  repose  for  that  material,  a  certain  prism  will  sever  its  con- 
nection from  the  remaining  earth  and  slide  into  a  nev>-  position  of 
equilibrium.  This  surface  of  separation,  called  "the  plane  of  rup- 
ture," is  assumed  to  be  a  plane  surface.  3.  That  the  resultant  earth 
pressure  exerted  by  such  a  sliding  prism  against  the  back  of  a 
retaining  wall  acts  upon  that  wall  in  a  direction  which  may  vary 
between  the  limits  of  being  parallel  to  the  surface  of  the  retained 
earth  to  making  the  angle  of  repose  of  the  earth  with  the  normal  to 
the  back  of  the  wall.  4.  That  the  resultant  earth  pressure  has  its 
point  of  application  at  a  height  above  the  base  of  the  wall  equal  to 
one-third  the  height  of  the  wall. 

Accepting  these  assumptions,  the  plane  of  rupture  and  the  re- 
sultant earth  pressure  become  definite  and  determinable  when  the 
question  of  cohesion  is  neglected. 

It  will  now  be  shown  that  these  assumptions  are  all  materially 
erroneous,  approaching  somewhat  the  truth  for  dry  sand,  but  de- 
parting therefrom  for  other  materials,  such  as  common  surface 
loam.  cla\'.  marl  and  mixtures  of  these  with  each  other  or  wath  sand. 

single  of  Repose  and  Surface  of  Rupture.  To  prove  the  fallacy 
of  assumptions  i  and  2  it  will  be  necessary  to  review  the  results  of 
experiments  on  high  embankments  given  in  a  paper  on  "Land- 
slides," by  the  writer.  (See  Journal  of  thk  Assoc[at[ox  of 
Engineering  Societies.  Vol.  XIII,  No.  i,  January,  1894.)  This 
subject  will  be  taken  up  later,  and  only  a  passing  reference  here 
will  sufifice  for  the  present  purpose. 

A  sliding  embankment,  representing  the  actual  conditions 
which  obtain  when  earth  is  deposited  at  a  steeper  slope  than  is  per- 
missible, is  shown  in  Fig.  i,  where  the  material  was  Turneri  clay. 
From  this,  and  from  a  number  of  similar  experiments  for  embank- 
ments of  dififerent  heights,  it  was  found  that  the  angle  of  repose  for 
the  same  material  was  not  by  any  means  a  constant,  but  was  an 
inverse  function  of  the  height  of  the  fill.  Also  that  the  surface  of 
rupture  had  no  resemblance  to  a  plane,  but  was  practically  an 
hyperbola  in  section.  This  fairlv  represents  the  disparity  existing 
between  results  obtained  from  small  laboratory  experiments  and 
actual  cases  as  they  occur  in  construction. 

Direction  of  Pressure.  The  third  assumption  regarding  the 
direction  of  the  resultant  earth  pressure  is  probably  nearer  to  the 
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facts  iliaii  any  of  ilic  others,  though  the  ft)llo\\  ins^'  considerations 
are  ottered:  AccorcHng^  to  Rankinc  and  others  this  (hrection  is 
parallel  to  the  surface  slope,  and  according  to  the  majority  of 
writers  the  resultant  makes  the  angle  of  repose  of  the  material  with 
the  normal  to  the  hack  of  the  wall.  The  former  theory  is  not 
rational,  hccause  the  direction  of  motion  of  the  sliding  prism  is  not 
governed  1)\  the  direction  of  the  surface  of  the  sloi)e,  htit  is  largelv 
dependent  on  the  surface  of  rupture.  The  sliding  prism  glides  on 
the  surface  of  rupture,  and  the  direction  of  motion  will  1k"  parallel 
to  that  surface  until  the  resistance  of  the  wall  changes  this  direc- 
tion. When  this  occurs,  then  the  direction  of  the  resultant  pressure 
must  of  course  make  the  angle  of  repose  with  the  normal  to  the 
back  of  the  wall.  Init  in  the  instant  after  rest  is  restored  the  direc- 
tion of  this  pressure  returns  to  its  former  position.  It  is  readily 
understood  that  the  pressure  is  a  maximum  when  there  is  absolutely 
no  motion,  and  that  in  the  instant  when  motion  occurs  by  ]iartial 
giving  way  of  a  wall  the  pressure  changes  its  direction  and  dimin- 
ishes in  intensity,  thus  relieving  the  wall  of  a  portion  of  its  burden 
and  establishing  a  temporary  state  of  rest. 

Hence,  in  designing  a  wall  the  direction  of  pressure  should  be 
taken  for  the  state  of  rest  when  the  efifect  will  be  a  maximum,  as 
otherwise  a  motion  is  necessary  to  permit  the  earth  to  establish  a 
frictional  resistance  with  which  to  diminish  its  direct  pressure 
against  the  back  of  the  wall. 

Point  of  .IppUcafioii.  The  fourth  assumption,  that  the  point 
of  application  of  the  resultant  earth  pressure  is  above  the  liase  of 
the  wall  by  a  distance  equal  to  one-third  the  height  of  the  wall, 
could  be  true  only  for  a  ])erfect  li(|uid,  in  which  the  pressure  in- 
creases with  the  depth  l)eIow  the  surface  and  the  distri])Ution  of 
pressure  is  represented  by  a  triangle.  Were  the  earth  an  inelastic 
solid,  then  the  point  of  application  of  the  resultant  would  be  at  half 
the  height  of  the  wall,  and  the  pressmx'  would  be  imiform  and  be 
represented  by  a  rectangle.  However,  neither  assumption  is  cor- 
rect, but  the  two  cases  cited  are  the  extreme  limits ;  and,  since  earth 
is  neither  liciuid  nor  solid,  the  point  of  application  must  be  located 
somewhere  between  one-half  and  one-third  the  height  of  the  wall 
above  its  base.  Hence  the  pressure  would  be  distributed  according 
to  some  parabolic  ciu'vc  of  the  second  or  liigher  degree,  with  its 
vertex  at  the  top  of  the  wall. 

The  general  condition  being  more  nearly  solid  than  li(|uid.  the 
point  is  probably  about  0.45  of  the  height  of  the  wall  above  its  base, 
varying  between  small  limits,  dependent  on  the  amount  of  moisture 
contained  in  the  earth.     This  is  substantiated  by  a  few  experiments 
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made  by  a  French  engineer,  Leygue,  published  in  Annalcs  des  Pouts 
ct  Chaiissces,  1885,  II,  p.  788. 

A'arious  Recent  Theories. 

Foremost  among  these  may  l)e  mentioned  the  theory  proposed 
in  1885  by  the  French  engineer  Leygue,  previously  referred  to  in 
this  paper,  and  one  by  M.  Chaudy,  in  Memoir es  et  Compte  Rendu 
des  Travaux  de  la  Societc  des  Ingenieurs  Civiles,  December,  1895, 
discussed  by  G.  C.  Maconchy  in  Loudon  Engineering  of  August 
26,  1898. 

Leygue  bases  his  theory  on  experiments  performed  by  himself 
with  sand  and  grain,  from  which  he  determines  values  for  the 

eh* 
empirical  variable  coefficient  in  the  equation  E  ^  c  — ,  in  which  E 

is  the  horizontal  component  of  the  resultant  earth  pressure,  g  the 
weight  of  one  cubic  meter  of  material  and  h  the  height  of  the  wall. 

The  theory  of  Chaudy  results  in  the  same  equation,  in  which 
the  empirical  variable  c  is  theoretically  deduced. 

All  the  older  theories  are  based  on  this  same  equation,  and 
hence  the  recent  contributions  just  mentioned  differ  from  them 
merely  in  the  values  assigned  to  this  variable  coefficient. 

If  earth,  or  earthy  materials  in  general,  were  possessed  with 
properties  similar  to  water,  in  which  friction  between  the  particles 
is  constant  and  differing  only  in  degree  for  the  case  of  liquids  of 
diff'erent  density  and  viscosity,  then  the  above  form  of  equation 
might  be  accepted  as  rational.  However,  it  is  a  well-established 
fact  that  earthy  materials  retain  their  shape  by  virtue  of  frictional 
resistance  combined  with  cohesion  between  the  particles.  Hence 
the  law  of  equilibrium  must  of  necessity  differ  widely  from  that 
observed  for  liquids,  and  in  all  probability  the  above  equation  is 
incorrect  in  form,  which  would  explain  the  reason  why  none  of  the 
methods  hitherto  proposed  are  general  in  their  application  to  all 
retaining  wall  problems. 

Leygue  shows  experimentally  on  a  small  scale  that  the  point 
of  application  of  the  resultant  thrust  is  at  a  point  varying  between 
o.38h  and  0.511  above  the  base  of  the  w^all.  To  this  extent  he  has 
revealed  a  new  fact  which  corresponds  w-ell  with  modern  views. 

Chaudy  still  insists  on  having  the  point  of  application  at  -   above 

the  base  of  the  wall. 

A  rational  theory  of  retaining  walls  (so  called)  was  publisiied 
bv  R.  Iszkowski  in  Oesterreich.  Monatschr.  filr  den  offentlichen 
Baiidienst  of  June.  1898.     This  theory  is  based  on  substitution  of 
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a  prism  of  masonry  having  a  resisting  moment  to  overturning  equal 
to  the  moment  of  a  triangular  earth  prism  included  between  the 
slope  of  repose  and  a  vertical  plane  through  the  crest  of  the  slope  of 
a  given  embankment.  This  slope  of  repose  is  supposed  to  be  such 
a  slope  as  would  result  by  filling  earth  behind  a  vertical  wall,  which 
latter  is  suddenly  removed,  thus  allowing  the  retained  earth  to 
establish  a  natural  slope. 

The  fallacy  of  the  argument  is  essentially  in  assuming  that  a 
prism  of  earth  can  exert  an  overturning  moment  about  an  edge, 
which  is  impossible.  This  can  only  be  realized  by  a  solid  of  suffi- 
cient strength  to  resist  its  weight  on  one  edge,  and  even  in  the  case 
of  masonry  such  a  point  is  found  near  one-third  the  base  from  the 
compressed  edge.  The  data  for  determining  the  surface  of  repose 
is  such  as  may  be  found  in  older  text-books,  and  could  not  ration- 
ally be  applied  in  the  manner  indicated  by  the  author.     The  value  of 

E  is  again  a  function  of  .  The  paper  is  interesting,  but  unfor- 
tunately does  not  increase  our  knowledge  of  the  subject. 

A  New  Theory  of  Earth  Pressure. 

General  Remarks.  The  difficulty  attending  the  evolution  of  a 
new  theory  of  earth  pressure  may  be  appreciated  by  the  fact  that  so 
little  progress  has  been  accomplished  in  the  past  twenty-five  years, 
despite  the  many  efforts  made  to  advance  our  knowledge  on  this 
obscure  branch  of  engineering  science. 

A\'hile  the  method  proposed  in  the  following  may  be  open  to 
criticism,  yet  it  is  thought  to  embody  the  most  recent  ideas  and 
experimental  data  available.  The  method  is  not  claimed  to  be  per- 
fect by  any  means,  but,  being  based  on  facts  which  are  not  much  in 
error,  though  at  variance  with  previous  assumptions,  the  best 
results  attainable  with  the  present  status  of  our  knowledge  are 
expected  therefrom. 

The  subject  of  earth  pressure  will  not  be  definitely  understood 
until  some  government  or  institution  of  learning  shall  spend  a  few 
thousand  dollars  on  large  experiments,  as  was  done  by  the  Austrian 
Society  of  Engineers  and  Architects  in  1890-95  to  solve  the  mystery 
of  fixed  arches.  A  satisfactory  solution  of  this  perplexing  subject 
is  considered  attainable  if  the  proper  method  is  employed,  and, 
viewed  in  this  light,  the  neglect  to  undertake  its  solution  must  stand 
as  a  blemish  on  the  profession.  In  the  meantime  the  best  available 
data  must  be  utilized  to  the  best  advantage. 

Before  entering  on  this  subject  it  will  be  necessary  to  abstract 
the  results  pertaining  to  the  surface  of  rupture  and  angle  of  repose 
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as  found  from  experiments  1)\-  the  writer,  ])ul)lishe(l  in  the  Journal 
OF  Engineering  Societies,  Vol.  XIll,  January.  1894.  These 
experiments  were  incidental  to  construction  work  on  the  German 
Government  railroad  Weizen-Immendingen,  a  section  of  which  was 
projected  and  huilt  under  the  writer's  charge  in  1887-90. 

The  material  consisted  mostly  of  Opalinus  and  Turner!  clays, 
of  which  ahout  a  lialf-million  cuImc  meters  were  handled  in  the  con- 
struction of  railroad  emhankments,  varying  in  height  up  to  t8 
meters.  These  hanks  were  all  constructed  with  i  i  to  i  slopes,  and 
in  the  course  of  a  few  months  the  material  assumed  a  natural  slope, 
which  differed  for  embankments  of  different  heights.  In  passing 
from  the  artificial  to  the  natural  slopes  the  material  usually  sepa- 
rated along  a  distinct  plane  of  rupture,  which,  together  with  the 
final  slope  of  rest,  or  surface  of  repose,  was  carefully  measured. 
These  aggravating  mishaps,  however,  make  up  an  extensive  series 
of  elaborate  experiments,  on  wdiich  the  new  theory  is  based. 

To  increase  the  value  of  these  experiments  a  description  of  the 
material  used  is  here  given. 

Opalinus  and  Turner!  clays  are  almost  identical  in  appearance 
and  in  composition,  and  it  would  be  difficult  to  distinguish  between 
them  were  it  not  for  the  strata  by  which  they  are  separated.  The 
Opalinus  clay,  varying  in  vertical  depth  from  45-75  meters,  is  found 
in  the  lower  Oolitic  and  immediately  above  the  upper  Liassic  epoch. 
The  Turner!  clay,  with  a  vertical  depth  of  from  15-21  meters,  is 
located  in  the  midtlle  Liassic,  immediately  above  the  strata  of  the 
lower  Liassic.  Both  clays  contain  iron,  and,  when  the  atmosphere 
and  water  have  not  come  in  contact  with  them,  they  may  be  of  a 
steel  gray  or  blue  color.  The  usual  color,  however,  is  brown,  or 
that  of  ferric  oxide,  and  the  presence  of  a  slight  percentage  of  finely- 
divided  silica  causes  them  to  glisten.  In  the  natural  state,  whether 
blue  or  brown,  these  clays  are  very  hard,  almost  slaty.  l)Ut  on  being 
exposed  to  the  atmosphere  and  water  they  disintegrate  into  a  fine 
powder  which  when  wet  presents  all  possible  properties  objection- 
able to  the  engineer.  The  weight  of  a  cubic  meter  of  this  clay  in  a 
naturally  damp  condition  is  about  1900  kilograms. 

The  angle  of  repose  was  found  to  be  a  variable  depending  on 
the  height  of  the  fill.  The  actual  surface  of  repose  is  not  a  plane, 
l)ut  a  curved  surface,  as  shown  in  Fig.  i.  However,  for  practical 
purposes  an  average  plane  was  taken.  From  the  various  eml)ank- 
ments  which  were  constructed  in  Opalinus  and  Turner!  clays,  and 
from  the  numerous  slides  which  occurred  in  this  material,  the  fol- 
lowing data  (which  are  probably  near  enough  to  the  facts  for  all 
practical  purposes )  were  collected  : 
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TABLE   SHOWING    RELATION    BETWEEN    H    AND   /',  FOR    OI'ALINUS   AND 
TURNERI   CLAYS. 


Height  of  embankment  H  o — 2;«  2 — 5>n 

Ansjle  of  repose /J 45°o'  33°45' 

Corresponding  slope i  :  i  i}4  '■  i 

Tans^^ent  of /5 i.oo  0.66 


5—10;;/ 

10 — 13W 

13— I5W 

15 — 20?;/ 

26°4o' 

24°oo' 

22°00' 

18=10' 

2  :  I 

2'A  ■■  I 

2^  :i 

3  :  I 

0.50 

0.44 

0.40 

0.33 

Hence,  for  any  given  H  the  corresponding  value  of  tang  «  may 
be  taken  from  the  above  table. 

As  far  as  is  known,  this  law  applies  to  all  materials,  varying 
only  in  degree,  being  less  marked  for  sand  or  sandy  loam  than  for 
clay.  However,  no  experiments  on  large  sand  embankments  are 
at  hand  to  verify  this  supposition. 

The  surface  of  rupture  is  not  a  plane,  but  a  curved  surface 
v.-hose  normal  cross-section  is  an  hyperbola,  as  is  seen  from  the 
example  shown  in  Fig.  i. 

Fig.  I  represents  a  cross-section  of  a  slide  showing  the  pro- 
posed slope  or  original  condition  of  the  embankment,  the  actual 
surface  of  repose  after  the  slide  had  established  permanent  condi- 
tions of  equilibrium  and  the  actual  surface  of  rupture  corresponding 
to  this  surface  of  repose. 

Let  A  B  C  be  a  given  embankment,  which,  by  virtue  of  the 
steepness  of  the  slope  C  B,  slides  into  the  position  represented  by 
the  dotted  curved  line  D  E  K.  The  sliding  takes  place  on  the 
surface  of  rupture  D  K.  After  complete  equilibrium  is  estab- 
lished between  the  embankment  and  the  moving  mass,  the  surface 
line  A  B  assumes  the  position  D  E  while  the  slope  Ime  B  C  takes 
the  irregular  curve  E  K,  the  actual  surface  of  repose. 

The  portion  A  D  ]M,  left  standing,  will  have  no  influence  on  the 
sliding  mass,  and  the  level  of  the  embankment  is  practically  changed 
to  D  E.  The  depression  from  A  B  to  D  E  could  of  course  be 
filled  up,  and  thus  cause  the  masses  to  slide  farther  and  to  comply 
with  the  conditions  imposed  by  the  extra  loading.  The  load  A  B 
D  E  would  also  drop  to  some  new  position  intermediate  between  A 
B  and  D  E,  and  after  a  number  of  repetitions  of  this  process  the 
conditions  of  the  equilibrium  for  an  embankment  of  height  O  A 
might  be  found ;  but  this  would  lead  to  the  same  general  law  that 
obtained  by  assuming  the  portion  A  D  M  removed. 

For  practical  and  theoretical  reasons,  the  actual  curved  surface 
of  slope  is  assumed  to  be  replaced  by  a  plane  N  K.  This  will  pro- 
duce little  or  no  diflference  in  the  results,  and  will  conform  with  the 
usual  manner  of  grading.  The  angle  X  K  O,  which  the  plane 
X  K  makes  with  the  horizontal  K  O,  is  called  /'.  This  angle  is 
found  to  vary  with  the  height  O  D  =  H. 
3 
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It   was    found    from    numerous    slides    that    in    this   material 
(Opalinus  and  Turneri  clays)   the  ratio 


OD 


H 


;\  nearly. 

Hence  the  distance 

O  K  =  L  =  m  +   ,  "     =:U(  i-i-  ~  '    )  (I.) 

'      tan.  i>  \  tan  /)/  ^     ^ 

Taking  the  horizontal  line  O  K  through  the  foot  of  the  slope, 
and  the  vertical  O  D  through  the  point  of  rupture  D  at  the  crown 
of  the  fill,  as  axes  of  co-ordinates,  an  equation  representing  the  sur- 
face of  rupture  may  then  be  found. 


M- A 


F,|.1 

Assuming  the  curve  to  be  an  hyperbola  whose  asymtotic  axes 
are  parallel  to  the  axes  O  K  and  O  D,  its  equation  must  be  of  the 
form 

(x  +  a)  (y-fb)  =c         (2.) 
where  a  and  b  are  the  perpendicular  ofif-sets  between  the  asymtotes 
and  the  axes  C)  K  and  O  D,  and  c  is  a  constant  depending  on  the 
eccentricity  of  the  curve. 

Taking  the  co-ordinates  of  the  curve  D  K  from  the  figure, 
substituting  these  in  the  above  equation  (2),  then  solving,  from 
each  successive  three  equations,  for  ^,  b  and  c,  and  averaging  these 
results,  values  are  obtained  which  may  be  substituted  in  equa- 
tion (2). 

It  is  found,  from  numerous  curves  of  rupture  and  for  various 
heights   H,  that  these  constants  bear  the   following  approximate 

relations  to  H  and  /',  or,  indirectly,  to  L,  since  L  =:  H^-|  -f-  \. 

3.=    ,  ,b=       ,  therefore  c  =:  :=  6  a  b  (3.) 

5  5  25 

Solving  the  above  equation  (2)  for  y,  and  substituting  from 
equation  (3)  for  c  —  ab,  its  value  5ab,   ' 


y  = 


sab  —  bx 


L  —  5x 


(4.) 
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TAI'.LK   <'F   COMPARISON   Ol     OH5KRVKD   AND    COMPETED    \  ALUKS    Ol"   y    FOR 
DIAGRAM   IN   KIG.   I. 


Assumed  x o        246       8      10  |  12  ,  14 

Observed  y 12.2    9.0  |  6.7  j  5.3  ,  4.2  |  3.2  ■  2.7    2.2 

Coiiipulcil  v....    12.2    S.7     (5.6     =;.!     4.1     3.3    2.7    2.1 


16  j  18  20  22  j  24 
1.8  !  1.4  I.I  I  0.9  0.7 
1.8    1.4    I.I    0.9    0.6 


26  I  28  ,  30  31.5 
0.5  0.3  0.2  0.0 
0.4    0.3  1 0.14     0.0 


Tlie  curve  of  rupture  may  then  be  plotted  for  any  case  in  ques- 
tion, provided  H  and  /'  are  given. 

The  above  conchisions  seem  to  apply  to  most  other  materials, 
except  as  to  the  degree  of  curvature  of  the  surface  of  rupture,  which 
for  sand  would  approach  a  plane  surface,  as  is  indicated  by  small 
experiments,  although  not  much  reliance  can  be  placed  on  any  such 
conclusions  unless  they  are  based  on  the  actual  behavior  of  large 
masses  of  sand,  for  which  no  experiments  have  as  yet  been  made. 

Time  is  also  an  important  factor  in  deciding  on  what  actually 
takes  place  when  a  mass  of  earth  is  deposited  for  the  purpose  of 
obtaining  its  angle  of  repose.  It  may  require  six  or  eight  months 
for  a  slope  to  change  from  its  original  to  its  stable  condition,  and  if 
the  difference  between  the  two  is  but  slight  it  may  require  years. 
In  the  latter  case  it  may  take  place  by  gradual  settlement  without 
showing  sudden  motion. 

It  will  be  observed  that  the  term  "angle  of  repose"  is  here  used 
to  signify  the  natural  slope  which  a  certain  material  acquires  when 
exposed  to  the  elements,  and  hence  is  dependent  on  the  friction  and 
cohesion  existing  between  particles  of  earth.  The  term  as  com- 
monly understood  applies  to  friction  between  particles  of  loose,  dry 
earth  without  cohesion. 

The  conditions  of  equilibrium  for  a  certain  mass  of  earth,  as 
determined  experimentally,  are  illustrated  in  Fig.  i.  Accordingly, 
any  load  imposed  on  the  top  of  the  embankment  along  D  E  or  on 
the  slope  near  E,  will  disturb  the  equilibrium  of  the  sliding  prism, 
and  will  cause  the  latter  to  move  to  a  new  position  of  rest.  Also  any 
additional  mass  placed  on  the  slope  near  the  point  K  will  hinder 
sliding.  Hence,  in  the  nature  of  the  case,  the  sliding  prism,  as 
determined  in  the  preceding,  represents  the  limiting  case  of  equi- 
librium resulting  from  the  balance  l^etween  gravity  forces  and 
internal  friction  and  cohesion  of  the  material. 

Therefore,  the  sliding  prism  D  N  K  in  its  limiting  condition 
of  rest,  exerts  a  tendency  down  the  surface  of  rupture  D  K  just 
equal  to  the  maximum  resistance  t,  which  the  underlying  earth  is 
able  to  offer  against  sliding  along  this  surface  of  rupture;  there- 
fore, any  additional  material  added  to  the  prism  D  X  K  will  cause 
an  increased  tendency  down  tlic  surface  D  K,  which  cannot  be 
balanced  bv  the  resistance  t.  and  motion  will  ensue. 
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This  frictional  and  cohesive  resistance  t,  when  determined,  will 
represent  the  maximum  total  resistance  which  can  be  exerted  on 
any  mass  of  earth  between  the  foot  of  the  slope  K  and  the  top  of  the 
bank  at  N ;  and  any  material  in  excess  of  the  prism  D  N  K  will 
exert  a  downward  tendency  on  the  surface  D  K,  which  must  be 
resisted  by  a  wall  at  K. 

To  determine  the  frictional  resistance  t,  necessary  to  hold  in 
equilibrium  the  prism  D  N  K,  it  is  necessary  to  find  the  resultant 
tendency  of  this  prism  down  the  surface  D  K  for  the  limiting-  case 
of  equilibrium.  (See  Fig.  2,  in  which  a  section  of  unit  thickness  is 
considered.) 


elTSK 


If  the  area  of  the  sliding  prism  D  N  K  be  divided  vertically 
into  laminae  or  sections,  then  the  weight  p^  of  each  section  will  have 
a  component  t,  parallel  to  the  surface  of  rupture  immediately  below 
the  section  and  another  component  n^  normal  to  this  surface.  In 
the  limiting  condition  of  equilibrium  this  parallel  or  tangential  com- 
ponent t,  representing  the  downw^ard  tendency  on  an  inclined  plane, 
Fig.  2  b,  must  be  exactly  balanced  by  the  frictional  and  cohesive 
resistance  existing  along  the  surface  of  rupture  D  K.  This  is  true 
only  in  the  limiting  case.  Hence  the  resultant  of  all  the  tangential 
forces  along  the  surface  of  rupture  will  represent  the  downward 
tendency  of  the  sliding  prism.  This  resultant  must  be  equal  and 
opposite  to  the  resistance  t,  which  latter  is  found  graphically  in 
Fig.  2  c. 
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To  find  the  cartJi  pressure  on  the  back  of  a  retaining  wall. 
Fig.  3,  it  is  necessary  only  to  determine  the  downward  tendency  T 
of  llie  sliding  prism  D  S  V  K  on  the  surface  D  K,  in  the  manner 
indicated  for  finding  the  frictional  resistance  t,  then  knowing  tlic 
direction  and  magnitude  of  t  and  T,  they  may  be  made  to  form  a 
triangle  in  wliich  tlic  resultant  carlli  ])rcssure  E  is  the  unbalanced 
force,  b'ig.  3  b. 


Hence,  the  direction  and  magnitude  of  the  resultant  earth  pres- 
sure are  found  directly,  and  its  point  of  application  is  taken  at  0.45 
K  V  above  the  point  K,  in  accordance  with  the  previous  discussion. 

Another  problem,  without  surcharge,  is  solved  in  Fig.  4,  where 
the  earth  pressure  is  also  found  graphically  by  the  method  given  by 
Professor  Karl  von  Ott,  in  which  the  area  of  the  shaded  triangle  in 
square  meters,  multiplied  by  the  weight  of  one  cubic  meter  of  the, 
material  (g  =  1900  kilograms),  gives  the  resultant  earth  pressure 

K  V^ 

acting  at  above  K.     For  this  solution  E^  =  ^i./g,  agreeing 

closely  with  the  result  found  by  the  new  method  except  as  to  point 
of  application. 

In  all  of  the  above  solutions  it  is  advisable  to  use  areas  only 
instead  of  actual  weights ;  and  in  finding  the  opposing  moment 

offered  by  the  masonry  wall,  the  area  of  the  wall  is  multiplied  by 

to  reduce  to  equivalent  mass  of  earth.     In  the  above  this  ratio  was 
taken  at  1.16  by  assuming  g^  =:  2200  kilograms  for  masonry. 

The  direction  of  the  earth  pressure  as  found  bears  no  relation 
to  the  direction  of  the  back  of  the  wall,  and  this  is  as  it  should  be, 
giving  the  most  unfavorable  condition.  However,  the  resultant 
thrust  in  being  resisted  bv  tlie  wall  nnist  necessarilv  be  deflected  in 
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the  instant  when  motion  occurs  either  of  the  earth  or  the  wall,  but 
whenever  a  perfect  state  of  rest  obtains  then  the  thrust  probably 
returns  to  its  original  direction  of  maximum  effect. 

A  Prol)al)le  Future  Solution. 

From  the  above  it  is  seen  that  the  older  theories  are  based  on 
assumptions  which  are  largely  erroneous,  and,  while  the  truth  may 
be  more  closely  approximated  in  the  light  of  recent  experiments 
and  ideas,  yet  no  theory  has  as  yet  been  formulated  which  may  be 
regarded  as  perfect.  Therefore,  the  time  has  come  when  a  less 
speculative  and  more  accurate  method  would  be  highly  appreciated. 

The  simplest  problem  of  a  retaining  wall,  mathematically 
treated,  leads  to  quite  complicated  equations,  and  in  general  the 
graphical  treatment  is  far  more  satisfactory,  being  more  readily 
adapted  to  complex  cases  and  aft'ording  a  better  check  and  insight 
into  the  otherwise  obscure  analytical  methods.  For  this  reason 
more  success  may  in  future  be  expected  from  a  graphical  treatment. 

However,  to  reach  a  satisfactory  solution,  the  nature  of  the 
materials  involved,  the  many  variable  conditions  affecting  their 
behavior,  and  the  prime  importance  of  the  subject  demand  far  more 
than  mere  mathematical  investigation.  The  only  promising  solu- 
tion will  probably  consist  in  an  experimental  or  deductive  deter- 
mination of  the  actual  pressure  found  on  the  back  of  a  wall  under 
various  conditions. 

It  may  seem  vain  to  attempt  the  exact  determination  of  a 
function  depending  on  such  variable  material  as  earth,  yet  for  a 
given  kind  of  earth  in  a  given  state  of  moisture  a  definite  law  cer- 
tainly exists,  and  this  law  once  determined  for  diff'erent  conditions 
of  the  same  earth  would  enable  the  engineer  to  treat  the  problem 
intelligently  and  to  estimate  the  probable  error  of  his  assumptions. 
This  is  by  no  means  possible  at  the  present  status  of  our  knowledge. 

While  the  problem  is  not  considered  beyond  the  possibility  of 
solution,  the  only  reason  for  a  failure  to  accomplish  this  end  has 
been  a  lack  of  funds  and  a  well-developed  plan  of  carrying  on 
experiments.  All  engineering  structures  should  be  so  designed  as 
to  comply  with  the  most  unfavorable  conditions  which  may  at  any 
time  occur  consistent  with  economical  requirements,  and  this  in 
itself  is  sufficient  reason  why  experiments  and  investigations  should 
be  made  under  correspondingly  unfavorable  circumstances. 

Of  all  the  experiments  made,  or  to  be  made,  those  only  are 
valuable  which  are  conducted  under  the  actual  conditions  existing 
in  nature,  and  of  these  the  extreme  cases  are  most  valuable  in  lead- 
ing to  proper  conclusions. 
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Hxperinienls  performed  on  dry  eartli  or  sand  arc  of  little  or  no 
value,  since  nature  always  supplies  a  certain  amount  of  moisture, 
which  at  times  may  increase  to  the  limits  of  saturation,  thus  vastly 
altering  the  characteristics  of  the  material. 

The  efTect  produced  by  moisture  on  earth,  or  sand,  has  been 
ascertained  to  be  about  as  follows :  The  specific  gravity  increases 
with  moisture ;  the  friction  between  the  particles  is  a  maximum  for 
the  dry  state  and  diminishes  with  increased  moisture,  becoming 
almost  nil  for  the  state  of  saturation ;  the  cohesion  is  increased  for  a 
slight  degree  of  moisture,  but  is  diminished  for  a  further  increase 
and  is  nearly  destroyed  for  the  case  of  saturation.  The  earth  pres- 
sure generally  increases  for  increased  moisture  and  becomes  a 
maximum  for  the  saturated  condition,  which  latter  may,  however, 
be  prevented  by  supplying  proper  drainage  to  the  back  filling. 

It  seems  proper  here  to  suggest  a  method  for  the  successful 
solution  of  the  problem  of  earth  pressure  which  at  present  consti- 
tutes the  most  deficient  branch  of  engineering  science.  As  was 
said  before,  this  may  be  expected  only  from  an  elaborate  series  of 
experiments  to  be  conducted  on  a  plan  something  as  follows : 

A  very  rigid  wall  should  be  constructed  about  20  feet  high  and 
perhaps  100  feet  long,  with  good  foundation,  on  level  ground.  In 
a  vertical  section  near  the  central  portion  of  this  wall  a  series  of 
pressure  gauges  should  be  placed  so  as  to  communicate  the  earth 
pressure  to  indicators  on  the  front  of  the  wall.  These  pressure 
gauges  would  require  special  design  in  order  that  they  may  fulfill 
all  the  necessary  requirements.  The  pressure  surface  might  then 
be  covered  with  a  flexible  oiled  canvas  to  prevent  the  earth  from 
squeezing  in  between  the  gauges  and  the  masonry. 

The  pressure  exerted  by  a  till,  placed  back  of  this  wall,  could 
now  be  observed  for  an  extended  period  of  time  under  various  con- 
ditions of  moisture,  etc.,  and  when  all  desirable  measurements  were 
made  the  material  could  be  removed  and  another  kind  of  earth  used 
to  continue  the  experiments.  This  should  be  repeated  until  the 
variety  of  material  used  and  the  different  heights  employed  would 
cover  the  subject  in  a  general  way. 

The  funds  for  such  experiments  could  probably  be  obtained 
through  an  appropriation  from  the  national  or  state  government,  or 
from  the  National  Society  of  Civil  Engineers,  and  the  work  could 
be  best  performed  under  the  direction  of  some  large  institution  of 
learning.  It  is  needless  to  mention  the  value  which  such  an  investi- 
gation would  have  for  the  profession  at  large,  and  the  engineering 
students  participating  in  the  work  would  gain  a  very  valuable 
experience. 
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3.      DESIGN    AND    CONSTRUCTION    OF    RETAINING    WALLS. 

Without  attempting  to  enter  into  the  details  of  computation 
involved  in  ascertaining  the  stability  of  retaining  walls,  and  which 
may  be  found  in  books  on  masonry  construction,  so  far  as  theory 
is  applicable  to  the  subject,  it  is  intended  here  to  consider  more  par- 
ticularly the  economic  features  of  design  in  connection  with  practi- 
cal considerations  by  which  safety  and  durability  in  construction 
may  be  attained. 

Economy  in  Design.  In  considering  a  wall  of  given  cross- 
section  the  stability  is  attained  by  a  certain  necessary  mass  of 
masonry  which,  by  its  resistance  to  overturning,  must  sustain  the 
pressure  of  the  retained  earth.  The  quantity  of  masonry  necessary 
to  fulfill  this  requirement  is,  however,  entirely  dependent  on  the 
manner  in  which  the  mass  of  masonry  is  distributed  over  the  section. 
That  is,  a  certain  earth  pressure  may  be  sustained  with  equal  safety 
by  walls  in  which  the  quantity  of  masonry  employed  may  differ  by 
100  per  cent.,  representing  comparative  economy  in  design. 

The  important  eft'ect  of  the  shape  of  a  wall  on  economy  of 
material  is  clearly  illustrated  by  the  following  table,  in  which  cer- 
tain relative  dimensions  have  been  worked  out  for  dift'erent  batters 
according  to  Rankine's  theory  by  Professor  E.  Haeseler.  In  each 
case  the  back  filling  is  assumed  level  with  the  top  of  the  wall,  and 
the  angle  of  repose  of  the  material  is  taken  as  33°.     The  bottom 
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width  of  the  wall,  b,  as  also  the  area  of  cross-section,  A,  are  ex- 
pressed as  functions  of  the  height  of  the  wall,  h. 

This  table,  which  is  quite  useful  in  taking  off  preliminary 
values,  shows  that  section  No.  4  is  most  economical,  while  No.  5  is 
least  so.  The  effect  which  the  shape  of  the  cross-section  bears  to 
the  economy  in  amount  of  masonry  required  is  also  illustrated  by  the 
two  solutions  given  in  Figs.  3  and  4. 

From  the  above  it  is  seen  that  the  most  economical  form  (local 
conditions  permitting)  would  be  one  in  which  the  wall  is  battered 
towards  the  retained  earth  with  a  batter  just  sufficient  to  retain  the 
center  of  gravity  of  the  section  within  the  base  of  the  wall ;  this 
limit  being  desirable  for  safety  during  construction,  though  if  care 
is  exercised  the  batter  may  be  increased  somewhat  beyond  this  limit. 

Provisions  to  Insure  Safety  and  Durability  of  Retaining  Walls. 
These  are  applied  in  accordance  with  the  causes  of  failure,  wdiich 
will  be  brietiy  discussed  before  treating  of  necessary  remedies  for 
their  prevention. 

In  computing  the  stability  of  a  wall  it  is  customary  to  choose  a 
section  in  which  the  resultant  of  the  earth  pressure  and  the  weight 
of  tjie  wall  shall  remain  within  the  middle  third  of  the  w^all,  thus 
striving  to  prevent  any  tensile  stresses  in  the  masonry.  The  entire 
question  of  stability  is,  however,  based  on  the  assumption  that  the 
foundation  is  perfectly  rigid,  which  it  never  is  except  when  bed- 
rock is  available.  The  yielding  of  the  foundation  is  one  of  the  most 
frequent  causes  of  failure,  hence  the  apparent  necessity  of  the 
greatest  precautions  on  these  lines.  Besides  giving  rise  to  local 
settlement  in  the  alignment,  a  faulty  foundation  usually  results  in 
'failure  by  partial  or  complete  overturning  of  the  wall. 

Overturning  may  occur  even  on  good  foundations,  and  is  then 
the  result  of  poor  drainage  of  the  back  filled  material  or  scanly 
dimensions  or  poor  masonry. 

There  are  few,  if  any,  long  retaining  walls  which  are  free  from 
vertical  cracks,  which  latter  may  result  from  local  settlement,  exces- 
sive pressure  or  wide  changes  in  temperature.  The  nature  of  the 
cracks  will  generally  disclose  their  cause.  A  vertical  crack  of 
uniform  width  is  usually  the  result  of  temperature  stresses.  A 
vertical  crack,  wide  near  the  ground,  gradually  diminishing  in  width 
and  disappearing  at  the  top  of  the  wall,  is  invariably  the  result  of 
local  settlement.  Horizontal  cracks  are  of  rare  occurrence,  except 
in  combination  with  vertical  cracks,  and  generally  have  little  signifi- 
cance. Changes  in  alignment  always  indicate  overturning,  and 
usually  accompany  settlement.  It  is  scarcely  necessary  to  add  that 
any  or  all  of  these  causes  may  at  times  manifest  themselves  in  a 
single  effect,  making  a  diagnosis  more  or  less  difficult. 
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When  a  retaining  wall  is  founded  on  anything  other  than  bed- 
rock it  is  advisable  to  widen  the  base  of  the  foundation  masonry  as 
indicated  in  Figs.  3  and  4,  so  as  to  bring  the  resultant  thrust  R  well 
within  the  central  portion  of  the  base.  In  doubtful  cases  the  base 
may  be  widened  sufficiently  to  allow  the  thrust  to  pass  through  its 
center. 

Great  care  must  be  exercised  in  back  filling  a  newly  completed 
wall,  since  at  this  time  the  mortar  is  less  capable  of  resisting  stress 
than  at  any  future  time  when  the  cement  has  become  thoroughly 
set.  Also,  loosely  deposited  earth,  possessing  little  cohesion  in  this 
state,  exerts  a  greater  pressure  than  when  well  compacted.  Hence 
the  back  filling  should  not  be  applied  itntil  the  mortar  is  well  set, 
and  then  the  former  should  be  deposited  in  successive  layers,  each 
of  which  should  be  well  rammed. 


As  moisture  always  accumulates  in  the  back  filling,  it  is  essen- 
tial that  proper  drainage  be  provided  adjacent  to  the  wall,  other- 
wise a  condition  of  saturation  may  follow  which  would  increase  the 

earth  pressure  to  its  maximum  value    "      .     This  is  about  twice  the 

pressure  which  any  w'all  is  usvially  designed  to  carry,  and   will 
almost  invariably  prove  disastrous. 

The  best  and  cheapest  way  to  establish  drainage  is  to  provide  a 
masonry  gutter  along  the  back  of  the  wall  at  the  lowest  level  suit- 
able for  draining  either  through  the  wall  (by  leaving  openings  at 
intervals)  or  at  the  ends  of  the  wall;  preferably  the  former.  From 
this  longitudinal  gutter  a  dry  rubble  backing  of  i  to  3  feet  in  thick- 
ness should  be  carried  to  near  the  top  of  the  masonry,  thus  inter- 
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cepting  all  seepage  and  completely  draining  the  back  tilling.  In 
severe  cases  numerous  rubble-filled  gutters  may  be  extended  into 
the  back  filling  at  right  angles  to  the  main  wall.  This  is  one  of  the 
most  important  precautions  necessary  in  retaining  wall  construction. 

To  prevent  vertical  cracks  from  temperature  effects  in  long 
walls  it  is  desirable  to  insert  vertical  expansion  joints  at  intervals  of 
30  to  50  feet.  These  joints  should  be  so  constructed  as  not  to 
weaken  the  resisting  power  of  the  wall,  which  is  accomplished  by 
making  the  joints  dovetailed  in  plan.  No  such  provision  is  com- 
monly made,  and  the  results  are  apparent  when  it  is  added  that  the 
linear  coefficient  of  expansion  of  masonry  ranges  between  one-fifth 
to  one-third  that  of  steel. 

Cracks  resulting  from  temperature  effects  should  never  be 
closed  by  filling  in  cement  mortar  unless  it  is  found  that  they  do  not 
close  m  summer  after  long-continued  warm  weather,  in  which  case 
they  were  probably  caused  by  shrinkage  in  joints,  and  may  then  be 
filled. 

A  retaining  wall  which  shows  signs  of  overturning  may  gener- 
ally be  strengthened  by  the  construction  of  buttresses  placed  at 
intervals  commensurate  with  the  case  in  hand,  provided  there  is 
sufficient  clearance  in  front  of  the  wall  to  permit  of  this.  A  new 
wall  may  show  indications  of  trouble,  and  if  supported  by  timber 
braces  for  a  time  sufficient  to  allow  the  back  filling  to  settle  and 
cohere  in  itself,  the  wall  may  become  perfectly  safe. 

What  has  been  said  in  the  above  regarding  failures  in  walls 
applies  generally  to  wing-walls,  masonry  culverts  and  abutments. 

A  nezv  style  of  retaining  wall  might  be  employed  with  advan- 
tage, especially  where  a  good  foundation  is  not  available. 

The  writer  has  frequently  considered  the  advisability  of  con- 
structing a  wall  of  concrete  and  old  railroad  iron  in  such  a  manner 
as  to  make  the  back  filling  assist  in  producing  the  stability  against 
overturning.     (See  Fig.  5.) 

The  earth  pressure  is  resisted  by  the  wall  A  B  acting  as  a  beam 
in  cross-bending,  being  internally  stiffened  by  old  iron  rails  or 
similar  material  embedded  crosswise  in  the  concrete  near  the  outer 
or  tension  face  of  the  wall.  Stability  is  cstal)lished  by  the  rails  G 
K  acting  as  tie-rods  and  held  by  the  concrete  base  C  D,  which  in 
turn  is  loaded  with  the  retained  earth.  To  take  up  the  stress  exist- 
ing along  BCD,  the  base  C  D  is  connected  with  the  wall  by 
occasional  columns  of  concrete. 

So  far  as  known,  this  idea  has  never  been  carried  out,  and  it 
may  deserve  consideration  in  certain  cases  where  local  conditions 
arc  favorable  to  its  application. 
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4.       FIXED    MASONRY    ARCHES. 

General  Considerations. 

The  fixed  arch,  as  distinguished  from  the  hinged  arch,  belongs 
to  the  class  of  indeterminate  structures  in  which  the  abutment  re- 
actions cannot  be  expressed  in  terms  of  the  external  forces  without 
involving  the  elastic  properties  of  the  arch  material. 

In  applying  the  theory  of  flexure  to  material  like  masonry, 
considerable  doubt  may  justly  be  expressed  as  to  the  reliability  of 
results  obtained.  However,  the  extensive  arch  tests  conducted  by 
the  Austrian  Society  of  Engineers  and  Architects  from  1890  to 
1895,  have  demonstrated  very  conclusively  that  stone,  brick  and 
concrete  arches  follow  the  laws  of  elasticity,  and  the  application  of 
the  theory  of  elasticity  to  such  structures  would  seem  perfectly 
justified  in  the  light  of  these  experiments. 
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Past  experience  has  shown  that  only  very  low  unit  stresses  are 
allowable  in  fixed  masonry  arches,  a  fact  which  proves  beyond  doubt 
that  such  arches  are  not  adapted  to  very  economical  utilization  of 
material.  The  reason  for  this  is  apparent.  The  initial  stresses  in 
portions  of  an  arch,  resulting  from  distortions  and  abutment  dis- 
placements during  and  after  construction,  may  often  attain  danger- 
ous values,  leaving  only  a  small  fraction  of  the  breaking  strength 
for  a  working  stress.  Fortunately,  a  partial  failure  of  a  portion  of 
an  arch  under  excessive  stress  caused  by  distortions  has  the  ten- 
dency to  readjust  the  distribution  of  stress  by  changing  the  shape 
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to  one  better  adapted  to  the  strained  condition,  'idiis  is  the  reason 
wliy  such  distortions  rarely  become  dangerous,  but  the  fact  illus- 
trates the  extent  to  which  any  theory  is  applicable  to  fixed  masonry 
arches  without  using-  a  large  factor  of  safety,  varying  from  ten 
to  twenty.  Without  this  large  uncertainty,  resulting  entirely  from 
the  rigid  construction,  high  unit  stresses  of  one-tenth  to  one-sixth, 
the  ultimate  strength  of  the  material,  might  safely  be  employed. 

Since  masonry  is  not  well  adapted  to  withstand  tension,  no 
tensile  stresses  are  allowed  in  arches.  To  accomplish  this  the 
resultant  thrust  at  any  normal  arch  section  must  lie  within  the 
middle  third  of  such  section.  This  follows  from  Navier's  theory 
for  distribution  of  stress  on  a  voussoir  joint. 

Hence,  for  a  given  span  and  load,  the  arch  ring  must  possess  a 
definite  shape,  requiring  a  very  delicate  adjustment  of  the  line  of 
thrust  within  the  middle  third  of  the  arch  ring. 

JNIetal  arches  are  independent  of  this  requirement,  since  the 
actual  stresses  arising  from  a  certain  loading  and  shape  of  arch  can 
always  be  provided  for  when  the  dead  load  has  been  approximately 
assumed. 

In  designing  a  masonry  arch  the  shape,  dimensions  and  weight 
must  be  known,  or  assumed  ;  and  if  the  resulting  stresses  exceed  the 
allowable  limits,  then  any  or  all  of  the  assumed  values  must  be 
altered  until  by  a  succession  of  approximations  the  proper  shape 
and  dimensions  are  found.  This  is  a  long  and  tedious  process, 
especially  when  the  more  accurate  methods  are  employed. 

According  to  the  recommendations  of  the  Austrian  Societv  of 
Engineers  and  Architects,  as  a  result  of  their  elaborate  tests,  a  fixed 
masonry  arch  should  be  constructed  only  when  the  following  con- 
ditions can  be  realized : 

1.  The  abutments  nuist  be  perfectly  rigid. 

2.  The  false  work  nuist  retain  its  form  during  the  period  of 
construction  of  the  arch  ring. 

3.  The  masonry  must  l)e  of  the  l3est  quality. 

4.  The  construction  of  the  arch  ring  must  be  most  carefully 
conducted. 

5.  The  false  work  nuist  not  be  released  until  the  mortar  has 
thoroughly  set. 

6.  When  the  false  work  is  released,  it  must  be  done  gradually 
and  uniformly. 

These  conditions,  except  the  two  first  named,  can  always  be 
fulfilled ,  tliough  the  lack  of  rigidity  of  abutments  and  false  work 
arc  the  two  great  obstacles  in  the  way  of  long  span,  fixed,  masonry 
arches. 
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Arch  Theories. 

Historical.  The  earHest  theoretical  treatment  of  arches  is 
ascribed  to  de  la  Hire,  who,  in  T712,  advanced  the  theory  that  an 
arch  acted  as  a  wedge  in  which  the  central  or  crown  portion  had  the 
tendency  to  slide  between  the  quarters  adjacent  to  the  abutments. 
Eytelwein,  in  1808,  applied  this  theory  to  individual  arch  joints,  and 
made  allowance  for  friction. 

The  combined  action  of  shear  and  bending  was  first  recognized 
by  Coulomb  in  1773,  and  this  theory  assumes  that  an  arch  may  fail 
either  by  one  portion  sliding  on  another  or  by  a  joint  opening  as  the 
result  of  bending.  Experiments  made  by  Boistard  in  1808,  proved 
that  failures  were  to  be  expected  only  by  cross-breaking,  and  not  as 
a  result  of  shearing  action. 

Coulomb's  theory  was  improved  by  Audoy  (1820),  Lame  and 
Clapeyron  (1823),  Navier  (1826)  and  Mery  (1827),  and  was 
graphically  treated  by  Poncelet  in  1835. 

The  analogy  between  the  arch  and  suspension  bridge,  from 
which  the  theory  of  the  line  of  thrust  was  evolved,  was  first  estab- 
lished by  Gerstner  in  1831.  This  theory  was  improved  and  adapted 
to  practice  by  Hagen  (1844),  Bauernfeind  (1846),  Schwedler 
(1859),  Heinzerhng  (1869),  von  Ott  (1870).  Ritter  (1876)  and 
Wittmann  (1878). 

The  theory  of  elastic  deformation  was  introduced  by  Navier  in 
1826,  by  his  analysis  of  the  stresses  on  an  arch  section,  in  which  he 
assumes  a  combined  thrust  and  bending  moment  distributed  over 
the  section.  This  theory  was  supported  by  experiments  of  Bausch- 
inger  and  Koepke.  Winkler  (1867)  and  Belpaire  (1877)  apply 
this  theory  to  the  elastic  arch,  and  the  more  recent  modifications  by 
Engesser,  Ott,  Mueller-Breslau,  Melan,  Weyrauch  and  others  are 
now  generally  accepted  as  the  most  reliable  arch  theories.  They 
differ  from  each  other  only  in  methods  of  solution  and  degree  of 
approximation.  All  are  based  on  the  same  assumptions,  and  the 
derivation  of  the  formulae  are  essentially  alike ;  but,  owing  to  the 
extremely  complicated  equations  resulting  from  the  theory,  dif- 
ferent authors  have  neglected  certain  terms  supposed  to  be  of  in- 
significant value,  while  others,  especially  Melan,  and  Weyrauch, 
attempt  a  rigid  solution  which  is  very  complicated.  The  treatment 
of  this  subject  by  modern  English  and  American  writers  is  essen- 
tially according  to  Ott  and  Melan. 

The  graphical  solution  in  general  use  is  based  on  the  most 
probable  position  of  the  line  of  thrust  in  a  given  arch  ring  for  a 
Sfiven  case  of  loading. 
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The  theory  of  elasticity  leading  up  to  a  purely  analytical  solu- 
tion is  more  reliable,  though  far  more  complicated  in  its  application. 

The  comparative  accuracy  and  relial)ility  of  these  two  methods 
will  be  discussed  in  the  following: 

TJie  theories  in  coiiuiion  use  are  two  in  nunil)er.  l-"irst,  the  line 
of  thrust  theory,  which  is  generally  employed,  and  depends  on  an 
assumed,  most  probable  position  of  the  line  of  thrust  within  the 
arch  ring;  and,  second,  the  theory  of  elastic  deformation,  by  which 
the  statically  indeterminate  abutment  reactions  are  found  by  the 
application  of  the  theory  of  flexure.  The  method  of  solution  by 
the  first  theory  is  purely  graphical,  and  by  the  second  theory  it  is 
purely  analytical,  and  does  not  necessitate  finding  the  line  of  thrust, 
though  this  line  is  definite  and  determinable  by  the  method.  The 
second  method  may  be  made  semi-graphical  by  the  introduction  of 
influence  lines,  which  are  very  serviceable  when  dealing  with  con- 
centrated moving  loads. 

To  give  a  clearer  idea  of  the  distinctive  features  of  these  two 
theories  it  will  be  necessary  to  show  the  general  relations  existing 
between  the  external  or  applied  forces  and  the  internal  stresses  in  a 
fixed  arch.     (See  Fig.  6.) 


'The  arch  A  O  B  supports  the  loads  Pi,  Po,  etc.,  producing 
'•^actions  Ra  and  Rg.  The  reaction  R^  can  be  replaced  by  a  hori- 
zontal component  H  and  a  vertical  component  V  acting  at  the  point 
A,  and  a  moment  R^  d  =  M  about  A.  Also  R„  can  be  replaced  by 
H  and  V^  acting  at  B,  and  a  moment  R„  d^  =  M\  Hence  V  and 
V^  are  the  vertical  abutment  reactions,  II  is  the  constant  horizontal 
thrust  and  ^I  and  AP  are  the  abutment  moments. 

By  taking  center  of  moments  about  B  and  A,  the  respective 
values  \'  and  \'^  can  be  found  thus : 


M 


M  —  M' 


2oP(l  — al] 
2:  Pa] 


(I.) 

(2.) 
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For  any  section  M  N  having"  co-ordinates  x  and  y,  the  shear 
^'x.  bending-  moment  M^  and  resultant  thrust  R,,  are  as  follows: 

Vx  =  V-:i:^P  (3.) 

Mx  =  M  +  Vx  — Hy— S^P  (x  — a)  (4.) 

Rx=^V^  +  H'  (5.) 

Nx  =  Vx  sin.cr    '    H  cos. 9'  =  tlirust  normal  to  the  section  (6.) 

From  N,  and  M,  the  stresses  on  the  extreme  fibres  of  the  sec- 
tion M  N  may  be  found  from 

1  ~   F         W  '  ^ 

in  which  F  is  the  area  of  the  arch  section  M  N,  and  W  is  the 
moment  of  resistance  of  this  section. 

It  is  readily  seen  that  the  determination  of  unit  stresses  result- 
ing from  any  system  of  loading  involves  the  terms  M,  M^  and  H, 
which  cannot  be  determined  from  purely  statical  considerations. 

According  to  the  theory  of  elastic  deformation,  these  unknown 
factors  are  determined  from  the  elastic  properties  of  the  material, 
while  in  the  older  graphical  solution  they  are  merely  approximated 
by  assigning  certain  assumed  conditions  to  be  fulfilled  by  the  line  of 
thrust. 

Hence  the  theory  of  elastic  deformation  fixes  the  position  of 
the  line  of  thrust  in  terms  of  the  elasticity  of  the  material,  while 
according  to  the  graphical  solution  an  infinite  number  of  lines  of 
thrust  may  be  constructed  for  the  same  arch  and  same  loading,  and 
it  becomes  a  question  to  decide  which  of  all  the  possible  lines  is  the 
most  probable. 

Hagen  (1862),  according  to  his  "theory  of  the  most  favorable 
distribution  of  stress,"  defines  the  most  probable  line  of  thrust  as 
one  for  which  the  vertical  projections  of  the  minimum  distances, 
between  the  line  of  thrust  and  the  edges  of  the  arch  ring,  become 
equal.  Culmann  (1866)  designates  this  most  probable  line  as  the 
one  which  approaches  most  nearly  to  the  arch  center  line  in  such  a 
manner  that  the  pressure  at  the  most  critical  points  becomes  a 
minimum.  Winkler  defines  the  most  probable  line  as  the  one  for 
which  the  areas  inclosed  between  the  line  of  thrust  and  the  arch 
center  line  are  equally  divided  according  to  the  method  of  least 
squares.  Generally  a  problem  is  considered  solved  when,  for  a 
given  span  and  load,  a  line  of  thrust  is  found  which  falls  entirely 
within  the  middle  third  of  the  arch  ring.  This  is,  however,  very 
far  from  constituting  an  acceptable  solution,  as  will  presently  be 
shown.  Plausible  proofs  for  all  the  above  assumptions  have  long- 
been  sought,  but  have  never  been  found. 
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The  graphical  method  is,  at  best,  luithing-  niuie  than  the  appH- 
catiein  of  the  principles  of  the  three-hinged  arch  to  fixed  arches,  in 
which  the  location  of  the  hinged  points  is  arbitrarily  assumed  at  the 
crown  and  springing.  A  line  of  thrust  passed  through  these  three 
points  must  remain  within  the  middle  third  of  the  arch  ring.  If 
these  points  are  assumed  on  the  arch  center  line,  then  AI  and  i\P 
become  zero,  and  H  is  determined  a.s  for  a  three-hinged  arch. 
While  all  this  is  constantly  done,  there  is  nothing  to  justify  the 
procedure. 

The  derivation  of  the  formukc  for  AI,  AP  and  11  is  considered 
foreign  to  the  jnirpose  of  this  paper,  and  is,  therefore,  omitted. 

It  is  now  proposed  to  show  the  comparative  value  of  the  two 
methods  of  solution  of  fixed  arches  and  their  reliability,  as  found 
from  the  experiments  of  the  Austrian  Society  of  Engineers  and 
Architects. 

Reliability  of  the  Methods  in  Couiinon  Use.  The  graphical 
method,  as  was  just  stated,  assumes  that  the  real  or  most  probable 
line  of  thrust  is  the  one  for  which  the  highest  pressures  at  the 
critical  points  become  a  minimum.  Hence  every  line  of  thrust 
must  either  be  the  most  probable  line  or  else  it  is  one  which  is  less 
favorable  than  the  most  probable  line.  IJut,  if  only  one  line  of 
thrust  is  possible  for  a  given  allowable  stress  on  the  extreme  fiber 
at  the  critical  points,  then,  if  the  structure  is  to  be  regarded  safe  for 
all  time,  this  line  must  continue  to  exist  when  the  material  increases 
in  strength  (as  by  setting  of  the  cement),  or  when  the  arch  under- 
goes slight  clastic  or  permanent  deformations.  For  this  there  is 
absolutely  no  assurance,  though  it  is  an  essential  necessity  in  the 
general  assimiption. 

It  is  also  a  matter  of  great  uncertainty  to  kncnv  when  any  line 
of  thrust  really  is  the  most  probable  line,  since  this  depends  on  a 
more  or  less  arbitrary  definition,  the  requirements  of  which  are  ful- 
filled by  a  series  of  approximations. 

From  these  and  other  considerations  it  follows  that  this  method 
■s  neither  reliable  nor  scientific.  If  arches  designed  by  this  method 
have  stood  well  it  is  most  probably  due  to  the  extremely  high  factor 
of  safety  generally  employed,  and  not  to  the  reliability  of  the 
method. 

The  analytical  method,  based  on  the  theory  of  elasticity,  is  cer- 
tainly scientific,  though  its  value  depends  largely  on  experimental 
verification. 

jN.  sandstone  masonry  arch,  of  23  meters  span  and  4.6  meters 
rise,  was  tested  to  destruction  by  the  .\ustrian  Society  of  Engineers 
and  Architects.     The  breaking  load  was  3218  kilograms  per  square 
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meter  on  the  half  arch.  For  thi.s  load  the  formulae  of  Professor 
We}rauch  give  a  maximum  ultimate  compressive  resistance  at 
failure  of  33  atmospheres.  The  sandstone  had  a  compressive 
strength  of  770  atmospheres,  and  the  cement  mortar  311  atmos- 
pheres. Samples  of  mortar  taken  from  the  arch  after  destruction 
broke  under  a  pressure  of  80  atmospheres.  The  compressive 
strength  of  the  masonry  must,  therefore,  have  been  about  400 
atmospheres,  or  over  twelve  times  the  actual  strength  developed  by 
the  arch. 

The  results  obtained  from  the  tests  on  a  brick  arch  and  a 
Monier  arch,  of  practically  the  same  dimensions  as  the  sandstone 
arch,  are  similar  to  those  just  cited. 

While  it  is  not  fair  to  expect  very  reliable  results  from  the 
a])plication  of  the  theory  of  elasticity  to  material  stressed  to  the  point 
of  rupture,  yet  the  error  incurred  would  probably  not  exceed  100 
per  cent.,  which  would  not  begin  to  explain  the  still  existing  dis- 
parity in  the  above  results. 

It  seems  quite  likely,  however,  that  a  very  high  initial  stress 
existed  in  the  arch  as  a  consequence  of  the  changes  in  shape  of  the 
arch  ring,  resulting  from  the  shrinkage  of  the  Jiiortar  joints  l)y  the 
setting  process  of  the  cement  after  the  mortar  had  attained  sufficient 
strength  to  sustain  the  partial  dead  load  imposed  prior  to  removal 
of  the  centers. 

If  this  supposition  is  justifiable,  then  it  follows  that  though 
the  theory  may  be  correct  and  perfectly  applicable  within  the  limits 
of  elastic  deformation,  yet  the  large  factor  of  uncertaint}'  restdting 
from  permanent  distortions,  which  must  always  be  expected  in 
fixed  arches,  necessitates  a  high  factor  of  safety  in  addition  to  a  very 
thorough  mathematical  investigation,  if  reliable  results  are  expected. 

While  the  theory  of  elasticity  is  undoubtedly  the  only  trust- 
worthy basis  for  the  analysis  of  fixed  arches,  and  should  alwavs  be 
employed  in  designing  structures  of  any  importance,  it  does  not  fol- 
low that  the  older  graphical  method  of  investigation  and  many  of 
the  empirical  rules  in  common  use  are  all  worthless.  On  the  con- 
trary, the  preliminary  design  can  be  carried  out  most  efficiently  by 
the  aid  of  the  simpler  methods,  and  the  final  design  may  then  be 
tested  by  the  application  of  the  more  accurate  method. 

It  is  thus  seen  that  the  theory  of  fixed  arches  has  reached  a 
status  of  perfection  quite  in  keeping  with  the  nature  of  the  problem, 
the  still  existing  uncertainty  being  a  function  of  the  material  and 
other  circumstances,  depending  on  the  rigidity  of  the  abutment 
foundations,  conditions  of  erection,  etc.,  all  of  which  can  never  be 
entirely  eliminated. 
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The  al)()\c'  applies  diiK'  to  arches  fur  which  the  loachnj;-  i> 
known  with  considerable  accuracy.  I'or  arches  sustaining  high 
earth  banks  the  loading  cannot  be  determined  with  any  great  degree 
of  certainty.  Hence  the  design  of  such  structures  is  less  definite, 
though  the  elastic  property  of  the  superimposed  earth  assists  greatly 
in  distributing  pressure  and  rendering  conditions  more  favorable 
to  their  safety. 

TIic  methods  employed  to  obviate  excessive  stresses  in  fixed 
masonry  arches  will  now  be  discussed. 

If  it  were  possible  to  build  an  arch  ring  in  such  manner  that 
its  line  of  thrust  would  pass  through  the  center  of  the  ring  at  the 
crown  and  haunches  at  the  time  of  releasing  the  false  work,  a  large 
proportion  of  the  indeterminate  stress  could  be  prevented.  In  other 
words,  the  Ix^nding  moments  at  the  critical  points  would  then  be 
almost  zero  for  symmetrical  loading,  reserving  the  strength  for  the 
unsymmetrical  live  load  and  other  contingencies  affecting  the  shape 
of  the  arch  ring. 

In  the  ordinary  process  of  construction  the  arch  ring  is  com- 
menced at  the  haunches  and  the  load  gradually  applied  to  the  false 
work,  thus  distorting  the  latter  and  causing  bending  stresses  in  the 
completed  parts  of  the  ring.  The  final  settling  of  the  ring,  pro- 
duced by  the  contraction  of  the  mortar  joints  as  a  result  of  compres- 
sion and  shrinkage  during  the  setting  process  of  the  cement,  even 
when  the  abutments  remain  perfectl)'  rigid,  is  often  sufficient  to 
create  serious  initial  stresses,  thus  destroying  to  a  large  extent  the 
usefulness  of  the  structure. 

Several  methods  have  been  used,  with  more  or  less  success,  to 
relieve  an  arch  of  undue  initial  stress  during  construction. 

One  of  the  oldest  of  these  is  to  set  the  arch  stones  on  the  entire 
false  work,  spacing  the  joints  by  inserting  small  strips  of  wood, 
and  lastly  filling  all  the  joints  simultaneously  with  mortar.  This 
is  still  a  very  good  program  for  erection,  Ijut  it  is  not  very  well 
adapted  to  large  structures,  owing  to  the  excessive  stresses  pro- 
duced in  the  false  work,  and  frequently  causing  considerable  settle- 
ment in  the  entire  arch  ring.  This  can,  however,  be  prevented  by 
wedging  up  the  false  work  just  previous  to  filling  the  joints. 

.\nother  method  frequently  employed  in  the  construction  of 
brick  and  concrete  arches  is  to  close  a  complete  ring  adjacent  to  the 
false  work,  and,  after  allowing  the  mortar  or  concrete  to  set,  the 
remainder  of  the  arch  is  constructed  and  the  total  load  is  carried  by 
the  first  ring  rather  than  by  the  false  work.  i)y  this  means  the 
settlement  during  construction  is  very  slight,  1)ut,  as  is  readily  seen, 
the  intrados  is  excessively  stressed,  a  condition  which  cannot  be 
averted  and  which  is  highly  objectionable. 
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A  program  of  construction  frequently  used  on  large  arches 
necessitates  commencing  work  simultaneously  at  two,  four  or  six 
points  of  the  ring  and  closing  at  three,  five  or  seven  points,  respec- 
tively. The  longer  the  span  the  greater  the  number  of  points  of 
commencement. 

The  most  modern  method  consists  in  the  introduction  of  tem- 
porary flexible  or  hinged  joints  at  the  crown  and  haunches,  and 
following  the  previous  program  of  construction.  These  flexible 
joints  are  made  of  stone  with  curved,  roller-like  surfaces;  or  iron 
blocks  may  be  used,  forcing  the  line  of  thrust  through  the  center  of 
the  arch  ring  at  the  crown  and  haunches  during  the  period  of  con- 
struction. These  open  joints  are  filled  with  cement  mortar  either 
before  or  after  removing  the  false  work.  Sheet  lead  has  also  been 
used  for  this  purpose  by  inserting  narrow  strips  into  the  crown  and 
springing  joints,  allow'ing  just  sufficient  surface  of  contact  on  the 
arch  center  line  to  carry  the  pressure  without  causing  the  lead  ta 
flow.     The  open  joints  are  afterwards  filled  with  good  mortar. 

This  last  mentioned  method  gives  very  good  results  in  pre- 
venting cracks  and  excessive  settlement  during  construction,  but 
subsequent  changes  cannot  be  compensated  for,  which  is  the  only 
obstacle  still  remaining  in  this  class  of  structure.  Eventual  settle- 
ments in  foundation  masonry ;  contraction  of  mortar  by  evaporation 
of  water  used  in  mixing  the  same  ;  compression  of  mortar  joints 
from  loading ;  elastic  deformations  caused  by  temperature  and  load 
efifects ;  all  these  are  ever  present  to  create  stresses  which,  in  spite 
of  all  precautions  during  construction,  may  attain  dangerous  pro- 
portions and  make  it  utterly  impossible  to  estimate  the  actual  ulti- 
mate strength  of  a  fixed  masonry  arch. 

It  should  be  remembered  tliat  for  masonry  arches  the  live  load 
is  generally  only  a  small  fraction  of  the  dead  load,  and  for  this 
reason  an  arch  wliich  is  sufficiently  strong  to  sustain  its  own  weight 
permanently  will  carry  temporary  live  loads  with  perfect  safety. 
When  initial  stresses  attain  breaking  limits  the  masonry  generally 
chips  near  the  surface,  thus  relieving  the  stress  and  allowing  the  line 
of  thrust  to  return  to  a  more  favorable  position.  In  this  way  an 
arch  which  has  become  distorted  may  readjust  itself  to  a  new  condi- 
tion of  stress. 

In  conclusion,  it  might  be  well  to  recall  the  recommendations 
proposed  by  the  Austrian  Society  of  Engineers  and  Architects,. 
which,  if  strictly  carried  out,  would  limit  the  adaptation  of  fixed 
masonry  arches  to  comparatively  short  spans  and  bedrock  founda- 
tions, as  these  recommendations  require  the  fulfillment  of  the  fol- 
lowing conditions : 
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1.  The  abutments  must  be  perfectly  rigid. 

2.  The  false  work  must  retain  its  form  during  the  period  of 
construction  of  the  arch  ring. 

3.  The  masonry  must  be  of  the  best  quahty. 

4.  The  construction  of  the  arch  ring  must  be  most  carefully 
conducted. 

5.  The  false  work  nuist  not  be  released  until  the  mortar  has 
thoroughly  set. 

6.  \\'hcn  the  false  work  is  released,  it  must  be  done  gradually 
and  uniformly. 

The  use  of  sand  jacks  or  sand  pots,  which  was  introduced  in 
1854,  during  the  construction  of  the  Austerlitz  Bridge  in  Paris, 
offers  a  very  novel  and  efficient  means  of  releasing  the  false  work 
supports. 

The  necessity  of  ihese  recommendations  is  clearly  understood 
after  what  has  been  said  regarding  the  theory  of  fixed  masonry 
arches  and  its  application  to  practice. 

The  first  two  conditions  can  only  be  realized  when  rock  founda- 
tions are  available,  and  when  the  false  work  is  made  rigid  by  very 
substantial  foundations.  The  other  requirements  can  generally  be 
fulfilled  by  exercising  proper  care,  and  by  permitting  only  good 
material  and  workmanship. 

5.      THREE-HINGED    MASONRY    ARCHES. 

The  extent  to  which  theory  is  applicable  to  fixed  masonry 
arches  has  been  adequately  demonstrated  in  the  previous. 

To  obviate  the  difficulties  and  prevent  the  uncertainty  shown 
to  exist  in  fixed  arches,  the  introduction  of  hinged  joints  at  the 
crown  and  haunches  may  be  regarded  as  a  most  welcome  innova- 
tion;  first  applied  bv  Koepke,  of  Dresden,  in  1880,  by  providing 
curved,  open,  voussoir  joints  in  the  arch  ring  at  the  crown  and 
haunches.  In  1885  Karl  von  Laibbrand,  of  Stuttgart,  substituted 
sheet  lead  for  the  open  joints,  and  in  1893  applied  cast  iron  hinged 
bearings. 

The  three-hinged  arch  is  free  from  initial  stresses,  otherwise 
resulting  in  fixed  arches  after  releasing  the  false  work.  Small 
abutment  displacements  and  changes  in  temperature  do  not  affect 
the  magnitude  or  distribution  of  stress  in  the  arch  ring,  and  hence 
do  not  cause  cracks. 

This  form  of  arch  admits  of  a  rigid  analytical  treatment.  For 
this  reason  the  allowable  working  stresses  may  be  chosen  much 
higher  than  for  fixed  arches ;  they  may  range  from  one-tenth  to 
one-quarter  the  ultimate  strength  of  the  masonry  without  sacrific- 
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ing  safety  or  duraliility.  The  strict  requirement  regarding  the 
rigidity  of  abutments  and  false  work,  so  very  essential  to  fixed 
arches,  is  a  matter  of  comparative  insignificance,  provided  the 
abutment  foundations  are  safe. 

Therefore,  the  three-hinged  arch  is  especially  well  adapted  to 
the  economic  construction  of  long-span  bridges,  and,  being  free 
from  the  numerous  objections  inherent  in  the  fixed  arch,  is  well 
adapted  to  conditions  where  only  moderately  good  foundations  are 
available. 

The  introduction  of  hinges  has  placed  the  masonry  arch  on  a 
high  plane  of  engineering  perfection,  and  has  removed  its  restricted 
application,  thus  materially  enlarging  the  field  of  usefulness  so 
justly  belonging  to  this  most  substantial,  economic  and  esthetic 
form  of  bridge  construction. 

No  disadvantages  have  as  yet  developed  from  the  use  of  hinges, 
and  none  are  likely  to  develop.  Xumerous  bridges  of  this  type,  of 
spans  ranging  from  lo  to  50  meters,  have  been  constructed  in  Ger- 
many and  Switzerland  within  the  past  fifteen  years.  All  are  giving 
excellent  satisfaction. 

Therefore,  owing  to  its  economy,  permanence,  low  cost  of 
maintenance  and  esthetic  features,  the  three-hinged  masonry  arch 
is  destined  to  become  a  successful  competitor  of  iron  and  steel 
bridges  in  all  cases  where  the  natural  conditions  of  foundations  and 
length  of  span  do  not  offer  unsurmountable  difficulties. 

This  subject  has  been  exhaustively  treated  in  a  paper  read  by 
the  writer  before  the  American  Society  of  Civil  Engineers.  (See 
Vol.  XL,  1898,  Trans.  Am.  Soc.  C.  E:)- 

6.       CONCRETE    AND    IRON    ARCHES. 

This  comparatively  new  system  of  construction,  introduced 
about  twelve  years  ago  in  France  and  Germany,  is  fast  displacing 
the  solid  masonry  structures  of  the  past. 

The  desirability  of  combining  concrete  with  steel  or  iron  evi- 
dently arises  from  the  widely  dififerent  properties  of  concrete  under 
oompressive  and  tensile  stress.  The  compressive  strength  being 
about 'ten  times  the  tensile  strength  (so  far  as  our  present  knowl- 
edge of  concrete  would  indicate),  makes  it  impossible  to  use  con- 
crete with  economy.  In  fact,  common  practice  has  always  been  to 
use  concrete  and  masonry  only  under  compressive  stress.  By  sup- 
plying tensile  strength  to  those  parts  of  a  structure  where  tensile 
stress  occurs,  by  the  insertion  of  steel  or  iron  rods,  the  combined 
material  becomes  more  widely  applicable,  and  is  susceptible  to  a 
more  economic  utilization. 
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The  various  systems  of  concrete  and  iron  arches  (mostly 
patented)  may  be  summarized  as  follows:  The  Monier,  the 
Wiu-nsch.  the  Moeller  and  the  Melan.  Tliere  may  l)e  others,  hut 
they  probably  involve  no  new  principles. 

The  ]\Ionier  patent  is  so  broad,  embracing  in  a  general  way 
any  iron  parts  enveloped  by  cement,  that  it  is  difficult  to  understand 
why  not  all  other  systems  are  infringements.  However,  this  system 
as  generally  employed  consists  of  a  series  of  iron  rods  imbedded  in 
the  concrete  near  the  surfaces  of  the  intrados  and  extrados  to  supply 
the  required  tensile  strength.  The  rods  extend  longitudinally  from 
one  abutment  to  the  other,  and  are  tied  together  at  intervals  by  wire. 
Expanded  metal  has  been  used  in  a  similar  manner. 

The  Wuensch  system  employs  only  longitudinal  angle  irons  or 
tees,  placed  near  the  intrados  and  extrados  of  the  arch  or  beam, 
relying  on  the  concrete  to  perform  the  functions  of  a  web  system. 

Svstem  ^Nloeller  amounts  to  nothing  more  than  a  very  flat  con- 
crete arch  with  a  metal  tie-rod  to  take  up  the  horizontal  thrust. 
The  tie-rod  is  anchored  directly  in  the  concrete  of  the  arch  al)ut- 
ments. 

The  Melan  system  inserts  concrete  arches  between  iron  I  l)eam 
or  latticed  arches.  It  is,  therefore,  a  succession  of  parallel  metal 
and  concrete  arches  in  the  same  span. 

The  combinations  of  concrete  with  iron  or  steel  oiTer  a  great 
many  advantages  in  practical  and  economic  construction,  tliough 
the  application  is  perhaps  too  recent  to  warrant  a  definite  conclu- 
sion regarding  the  lasting  qualities  of  these  composite  structures. 
It  must  also  be  admitted  tha4  the  theories  of  this  class  of  structure 
are  still  very  primitive. 

^lonier  arches  are  generally  designed  for  a  constant  modulus 
of  elasticitv, 


.[.    ''"rv-^"'] 


I  F„ 

in  which  E,,  =  modulus  of  elasticity  of  concrete;  E^  =  modulus  of 
elasticity  of  iron  ;  I  =  moment  of  inertia  of  the  combined  concrete 
and  iron  section,  and  Ii  =:  moment  of  inertia  of  the  iron  section 
alone.  This  is  based  on  the  assum])tion  that  the  two  materials  in 
acting  together  nuist  undergo  the  same  elastic  distortions. 

Arches  built  according  to  Wuensch  are  designed  to  carry  the 
total  maxinnnn  load  entirely  by  the  concrete,  and  tlie  unsymmetrical 
live  load  entirely  by  the  metal  parts.  This  is  a  somewhat  arbitrary 
method. 

The  Moeller  system  probably  admits  of  the  most  exact  design. 
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and  is  especially  well  adapted  to  floor  arches  and  light  bridges. 
There  is  nothing  about  the  design  which  would  require  special  con- 
sideration. 

The  Melan  arch  being  a  combination  of  arches  of  different 
materials,  makes  it  difficult  to  determine  the  proportion  of  the  total 
load  carried  by  each  material.  However,  since  the  elastic  deforma- 
tion of  an  arch  is  approximately  proportional  to  the  quantity   p-p 

and  two  arches  if  they  would  work  together  must  undergo  the  same 
deflection,  it  follows  that  the  load  must  be  divided  in  proportion  to 
the  products  E  I  for  each  material,  or  that 

Load  carried  by  the  concrete  arch        g^  j^ 
Load  carried  by  the  iron  arch  g  j 

in  which  Eo  and  I^  apply  to  the  concrete  section  and  E^  and  I^  to 
the  iron  section.  This  may  be  far  from  the  truth,  though  it  has 
generally  given  good  results  compared  with  tests. 

Regarding  the  durability  of  concrete  and  iron  structures,  we 
are  not  in  a  position  to  say  definitely  what  the  probabilities  are. 
However,  with  the  exception  of  the  Melan  system,  the  iron  section 
is  generally  quite  small,  and  even  a  slight  corrosion  might  prove 
disastrous,  because  so  much  depends  on  the  iron  parts.  It  is  quite 
likely  that  moisture  might  penetrate  some  of  the  hair-like  fissures 
generally  found  in  masonry  and  concrete,  which  would  do  mischief 
in  the  course  of  time.  Roebling  found  such  corrosion  on  some  of 
the  outer  strands  of  the  anchorage  cables  of  the  Niagara  and 
Brooklyn  Bridges,  where  the  cables  had  been  imbedded  in  concrete. 

The  widely  different  physical  properties  of  concrete  and  iron 
do  not  seem  to  offer  any  serious  obstacles,  as  was  at  first  predicted ; 
at  least,  none  have  developed  during  past  experience.  Concrete 
appears  to  possess  an  adhesive  strength  with  iron  which  is  equal  to, 
or  even  greater,  than  the  tensile  strength  of  the  former ;  the  co- 
efficients of  expansion  are  nearly  enough  equal  in  the  two  materials 
to  offer  no  serious  objections,  and  by  a  proper  distribution  of  loads 
their  elastic  properties  may  be  so  harmonized  as  to  make  them  work 
fairly  well  together. 

Meanwhile  many  new  structures  of  this  type  arc  being  con- 
structed, and  time  alone  will  suffice  to  clear  up  the  still  existing 
doubts.  So  much  may,  however,  be  predicted  that  it  is  not  unlikely 
that  some  of  the  very  keen  Monier  arches,  depending  so  largely  on 
the  slender  iron  network  for  their  strength,  are  apt  to  prove  un- 
satisfactory in  point  of  durability.  Melan  and  Moeller  arches  will 
probably  l>e  longer  lived. 
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7.       CONCRETE. 

Concrete  lias  liccome  one  of  our  most  important  materials  of 
construction,  and  a  few  remarks  may  be  appropriate  in  concluding 
this  paper. 

This  material,  universally  used  in  compression,  has  been  won- 
derfully improved  in  recent  years  by  the  general  introduction  of 
high-grade  cements,  though  our  knowledge  of  the  properties  of 
concrete  under  compressive  stress  is  rather  meager,  and  much 
valuable  work  still  remains  to  be  done  towards  increasing  our 
present  supply  of  reliable  experimental  data. 

Among  the  most  desirable  experiments  to  be  made  the  follow- 
ing might  be  mentioned :  The  determination  of  the  shrinkage  of 
concrete  of  different  mixtures  while  setting  from  time  of  placing 
same  till  it  has  reached  various  ages ;  the  permanent  set  which  con- 
crete undergoes  under  various  compressive  stresses ;  the  modulus 
of  elasticity  at  various  ages  for  dift'erent  mixtures,  and,  lastly,  the 
compressive  strength  of  cubes  corresponding  to  mixtures  used  for 
the  above  experiments. 

Such  work  would  be  highly  valual)le,  and  interesting  as  well. 
Those  wishing  to  take  up  this  subject  may  find  some  valuable  sug- 
gestions in  a  paper  by  the  writer  on  ''The  Properties  of  Concrete 
under  Compressive  Stress,"  published  in  the  Journal  of  Engi- 
xEERiNc.  Societies  for  Mav.  i8(j8. 
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TEMPORARY  BRIDGE  ACROSS  THE  MISSISSIPPI  RIVER, 

AT  ST.  PALL,  MINNESOTA.     3IOVIXG  OF 

THREE  140-F00T  SPANS. 


Bv  A.  W.   JMuNSTER,  Member  of  the  Civil  Engineer  Societv  of  St. 

Paul. 


[Paper  presented  to  the  Society  December  4,  1899.*] 

The  reconstruction  of  the  old  part  of  the  Wabasha  street  bridge 
across  the  Mississippi  River  at  St.  Paul,  Minn.,  required  the  build- 
ing of  about  700  linear  feet  of  temporary  bridge  over  the  south 
arm  of  the  river  to  carry  the  traffic  during  the  construction  period 
of  one  vear. 


Fig.  I. 

This  temporary  structure  was  located  50  feet  downstream 
from,  and  parallel  to,  the  bridge  line  for  a  length  of  420  feet  across 
the  river-arm ;  the  remaining  portion  being  curved  land  approaches, 
connecting  at  the  north  end  with  the  spans  across  the  main  channel 
of  the  river  (rebuilt  in  1889),  and  at  the  south  end  with  an  embank- 
ment in  continuation  of  South  Wabasha  street. 

The  spans  in  the  old  structure,  for  the  length  covered  by  this 
temporary  bridge,  consisted  of  four  spans  of  140  feet  and  one  of 

*Manuscript  received  January  22,  1900. — Secretary,  .-Xss'n  of  Eng.  Sees. 
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Fig.  3. 
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112  feet.  The  most  economical  and  satisfactory  procedure  was  to 
utilize  three  of  the  four  140-foot  spans,  by  moving  them  the  re- 
quired distance  to  timber  piers  constructed  for  their  support  at 
properly  located  points  in  the  line  of  the  temporary  bridge.  This 
gave  an  unoljstructed  waterway ;  and.  by  leaving  the  old  piers  in 
position  until  next  summer,  the  timber  piers  will  be  protected  from 
drifting  logs  and  ice. 

This  work  was  completed  in  November  last.  The  approaches 
at  each  end  are  supported  on  trestle-bents  of  common  type,  and  the 
piers  for  the  spans  are  constructed  as  braced  trestle-towers  sup- 
ported on  piles. 


Fig.  4. 

The  accompanying  photographs  show  so  clearly  their  construc- 
tion, and  the  manner  in  which  the  spans  were  moved,  that  very  little 
additional  explanation  is  necessary.  The  distance  between  the 
faces  of  the  old  and  new  piers  is  about  30  feet,  and  this  space  was 
bridged  with  four  15-inch  I  beams  bolted  together  with  separators, 
and  supported  midway  by  a  trestle-bent  on  piles.  Four  beams  of 
the  same  section,  bolted  together  in  a  similar  manner,  formed  the 
support  from  bridge-seat  to  bridge-seat  on  the  timber  piers,  and 
four  6-inch  I  beams,  on  blocking,,  made  a  track  for  the  passage  of 
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the  shoe  across  the  dUI  masonry  piers.  The  ends  of  the  15-inch  I 
beams  rested  on  the  top  of  masonry  and  timber  piers  respectively, 
and  the  spans  were  first  Hfted  vertically  to  bring  the  bottom  of  the 
slioe  above  the  top  of  the  I  beams.  Plates  §  inch  in  thickness  were 
placed,  one  under  each  shoe,  and  connected  together  with  an  angle 
strut,  and  loose  i-inch  rollers  were  placed  between  these  plates  and 
the  I  lieams.     The  .---pans  were  moved  with  a  2-inch  screw  about  6 


feet  in  length,  connected,  through  removable  iron  links,  to  the  -^-inch 
plate  under  the  pilot-shoe,  and  operated  by  a  system  of  hand-cranks 
and  cogwheels  in  a  frame  fastened  to  the  top  of  the  I  beams. 

The  time  used  in  moving  each  of  these  spans  was  about  eight 
hours,  and  the  work  was  accomplished  wdthotit  hitch  or  accident  of 
any  kind. 

The  plans  of  operation  were  devised  jointly  by  the  contractor, 
Mr.  W.  S.  Hewitt,  of  Minneapolis,  and  the  writer. 
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PKOGKESS  OF   DRAINAGE  IX   NEW  OKT.EANS. 


Bv  Alfred  Francis  Theard,  A.M.C.E.,   Member  Louisiana  Engineering 

Society. 


[Read  iK'fore  the  Society  October  g.   1899.*] 

In  view  of  the  partial  completion  of  one  section  of  the  drainage 
system  in  this  city,  1  have  thought  that  a  careful  study  of  the  general 
plan  as  recommended  in  the  report  of  the  Advisory  Board  of  Engi- 
neers would  prove  interesting;  and  the  object  of  this  paper  is  to 
explain  the  general  features  of  this  plan  as  to  its  several  sections, 
and  to  show  how  far  it  has  been  carried  out  as  to  the  section  now 
nearly  completed. 

The  essential  factors  for  solving  any  drainage  problem  are : 

First.     The  topography  of  the  territory  to  be  drained. 

Second.  Hydrography ;  the  quantity  of  water  to  be  taken 
care  of. 

Third.     The  available  means,  if  any,  of  removing  this  water. 

These  three  factors  divide  the  subject  into  three  branches,  and 
can  be  made  to  include  all  of  its  details. 

First.  Topography  includes  conditions  of  the  entire  territory ; 
the  permeability  of  its  surface,  conditions  as  to  navigation  and 
improvement,  existing  or  future. 

Second.  Hydrography  includes  the  amount  of  rainfall  t6  be 
crired  for;  the  rate  of  precipitation,  its  duration,  its  usual  area,  its 
actual  run-ofif ;  the  daily  seepage ;  the  daily  cpiantity  of  water  to  be 
disposed  of  outside  of  rain  water. 

Third.  The  available  means  of  obtaining  drainage  ;  that  is.  the 
existing  system,  if  any  ;  the  location  of  the  outfalls. 

For  the  information  of  those  who  are  not  familiar  with  the 
report  of  the  Advisory  Board  on  the  drainage  of  New  Orleans, 
1895,  in  which  all  of  these  subjects  are  fully  described,  I  will  try, 
as  briefly  as  possible,  to  explain  what  these  factors  are  in  this  city. 

The  territory  upon  which  the  city  of  New  Orleans  is  built  has 
an  area  of  24,932  acres,  on  both  the  left  and  right  banks  of  the 
Mississippi  River,  within  levees.  It  has  an  elevation  of  33  to 
20  feet,  Cairo  Datum ;  this  slope  occurring  within  6000  to  9000 
feet  of  the  river  banks,  leaving  a  large  surface  practically  level, 
with  an  elevation  of  about  21  Cairo  Datum,  or  some  18  feet  l)elow 
the  high  water  of  the  Mississippi  River  and  some  4  feet  below  that 
of  Lake  Pontchartrain  ;  or,  as  the  mean  elevation  of  the  Gulf  is 
21.26  Cairo  Datum,  never  at  any  time  above  the  level  of  the  sur- 
rounding bodies  of  water.     Six  thousand  acres  of  this  territory  are 
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impiMx  c(l,  hciiii;-  paved  or  covered  1)\  huildiiii^s  ;  the  reniainiii}^"  p(jr- 
tion  is  composed  of  farms,  gardens,  suhurhan  lands  or  swamps. 
.Ml  of  this  territory  is  now  snrronnded  hy  levees,  the  elevation  of 
which  is  41  Cairo  l)aiuni  on  the  ri\-er  front  and  27  Cairo  Datum 
along"  the  iip[)er  and  lower  honndarx  lines,  the  lake  front  and  navi- 
gation canals. 

Information  as  to  rainfall  was  ohtained  hy  means  of  self- 
registering  rain  gauges  distrihuted  at  six  different  points  in  the 
city.  These  gauges,  which  are  still  m  operation,  give  the  total 
rainfall,  its  duration  and  its  time,  and  can  he  checked  hy  actual 
measurement  with  a  graduated  stick.  In  charge  of  attentive 
ohservers,  the}'  have  given  very  satisfactory  and  valuable  results. 

From  these  observations,  in  my  opinion,  it  can  be  safely  con- 
cluded that  the  average  annual  rainfall  is  55  inches;  that  it  is  prin- 
cipally made  up  of  short  showers,  lasting  from  five  to  twenty 
minutes,  yielding  a  maximum  ttjtal  precipitation  of  i  inch  per 
shower,  and  that  the  rate  of  precipitation  has  been  often  as  high  as 
6  inches,  and  once  as  high  as  7  inches,  per  hour. 

The  run-off  from  these  rains  has  been  carefully  computed,  both 
as  to  slope  of  territory  (from  3  feet  per  thousand,  as  a  maximum  in 
the  improved  portion,  to  almost  a  level  in  the  unimproved  sections), 
as  to  the  natural  permeability  of  the  soil  (which  will  become  greater 
as  the  moisture  line  is  reduced),  as  to  the  amount  which  is  collected 
by  the  roofs  of  buildings,  cisterns,  tanks,  etc.,  in  the  improved  sec- 
tion and  as  to  the  evaporation,  in  this  hot  climate,  of  a  percentage 
of  that  portion  which  naturally  remains  over  the  undrained  and  un- 
improved section. 

The  result  of  these  computations  has  l)een  eml)odied  in  a 
diagram  of  run-olt  curves  annexed  to  the  report  above  mentioned, 
and  has  been  found  of  such  interest  that  all  recent  publications  on 
the  subject  of  run-off'  have  treated  of  and  reproduced  it.  Gaugings 
covering  a  period  of  over  one  year  at  each  of  the  old  draining 
machines  showed  the  marvelous  result  that  for  a  rainfall  of  two 
hours"  duration  it  took  nearly  seventy-two  hours  to  pump  52  per 
cent,  of  the  total  precipitation. 

The  daily  How,  or  amount  of  water  which  will  reach  the  drain- 
age canals  in  dry  weather,  was.  from  actual  observations  made  dur- 
ing a  dry  spell  of  forty-one  days,  acctn-ately  established.  This 
quantity,  of  course,  can  be  considered  as  constant.  l)ecause,  while  it 
will  be  considerably  lessened  by  the  inauguration  of  a  sewerage 
system,  it  will  be  increased  by  the  natural  growth  of  population  and 
the  development  of  the  improved  section. 

As  to  the  outfalls,  one  can  easily  decide  as  to  which  sIkjuUI  be 
selected  between   the   Mississippi   River.   Lake   Pontchartrain   and 
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Lake  Borgne.  Lake  Borgnc  was  recommended  by  the  advisory 
engineers.  Its  selection  avoids  the  polkition  of  Lake  Pontchartrain 
by  drainage  water,  and  alTords  an  advantage  in  its  proximity  to  the 
Gulf.  As  to  the  river,  it  would  be  far  too  expensive  to  raise  the 
water  over  the  levees,  and  all  advantages  derived  from  the  natural 
fall  of  the  surface  to  be  drained  would  be  lost. 

The  adopted  plan  provides  for  a  main  canal  leading  through 
the  entire  area,  and  to  which  the  canals  and  drains  of  the  several 
sections  are  tributary.  This  canal  was  located  in  about  the  lowest 
part  of  the  city,  thus  affording  the  best  opportunity  for  using 
natural  fall.  Beginning  at  the  intersection  of  Nashville  avenue  and 
Claiborne  street,  it  runs  in  a  northeasterly  direction  along  Broad 
street  to  St.  Bernard  avenue;  thence  in  an  easterly  direction  to 
Lafayette  avenue;  thence  along  Florida  avenue  to  Jordan  avenue, 
where  pumping  station  No.  5  is  located.  The  main  outfall  begins  at 
this  point ;  runs  in  a  northeasterly  direction  to  Bayou  Bienvenu  ;  this 
waterway  connecting  it  with  Lake  Borgne.  The  plateau  or  level 
basin,  through  which  the  main  canal  is  located,  and  the  recognized 
fact  that  it  is  unsafe  and  very  expensive  to  excavate  in  this  soil  at  a 
greater  depth  than  15  feet  below  the  surface,  made  it  necessary  to 
establish  stations,  at  ec|ual  distances  along  the  main  canal,  for  the 
purpose  of  lifting  the  water,  to  give  it  artificially  the  slope  which 
cannot  be  obtained  naturally  by  the  topography.  It  was  also  desir- 
able, because  of  the  difference  in  area  of  the  several  sections  and 
of  peculiar  difference  in  the  intensity  of  storms  over  these  areas,  to 
provide  a  separate  and  distinct  service  for  the  several  sections. 

For  the  above  purposes  the  five  pumping  stations  were  located 
along  the  main  canal,  each  giving  full  service  to  the  section  by  the 
number  of  which  it  is  designated  and  at  the  same  time  lifting  the 
water  to  obtain  a  sufficient  head  for  a  calculated  velocity  through 
the  main  canal.  Thus  Melpomene  pumping  station.  No.  i,  receives 
all  drainage  from  Section  No.  i,  and  St.  Louis  pumping  station. 
No.  2,  Bernard  pumping  station.  No.  3,  Lafayette  pumping  sta- 
tion. No.  4,  and  Jourdan  pumping  station.  No.  5,  give  the  same 
service  for  Sections  Nos.  2,  3,  4  and  5  respectively.  Algiers  pump- 
ing station,  while  of  a  diff'erent  type,  gives  the  same  service  to  the 
Algiers  section. 

The  water  in  the  several  sections  is  carried  to  the  pumping 
stations  by  branch  canals,  drains  and  branch  drains ;  all  of  which 
are  located  so  as  to  afford  immediate  relief  to  the  several  localities 
Vvhich  they  are  to  drain  in  so  far  as  can  be  done  with  the  existing 
grades  now  used  for  the  surface  drainage,  and  all  are  so  graded  as 
to  provide  for  future  connections  with  an  underground  system. 
Bv  this  I  mean  that  as  a  canal  is  l)uilt  it  is  arranged  to  connect,  by 
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a  system  ol  leniporar}-  catch-basins  at  street  intersections,  with 
existing  gutters,  and  will  in  such  a  way  give  relief;  but  as  a  street 
is  improved  the  old  system  of  gutters  will  be  dispensed  with  and  a 
modern  underground  system  will  connect  directly  with  the  drainage 
canal. 

The  adopted  plan  divides  the  city  into  six  drainage  sections 
entirely  independent  and  distinct ;  each  served  by  a  complete  system 
of  its  own;  all  to  be  connected  by  a  main  canal,  thereby  affording 
opportunity  to  build  at  any  one  time  so  much  of  the  system  as  the 
means  at  the  disposition  of  the  city  will  permit.  The  territorial 
limits  were  so  fixed  as  to  provide  improved  drainage  adapted  to 
present  as  w^ell  as  to  future  conditions :  increased  population,  more 
crowded  buildings,  pavii.g  of  streets  more  extended  and  impervious. 

Each  section  is  provided  with  a  complete  system  located  advan- 
tageously both  as  to  surface  slopes,  extent,  shape  and  character  of 
the  locality.  The  natural  depressions  throughout  the  city  deter- 
mined the  location  of  several  canals.  For  instance,  Lake  Borgne 
being  conceded  as  the  best  outfall,  and  the  natural  fall  being  from 
the  ridge  and  the  river  bank  towards  Broad  street,  the  logical  loca- 
tion of  the  main  canal  was  along  that  stretch  of  territory,  the  lowest 
of  the  entire  city,  ranging  in  elevation  from  19  to  21.5  feet  Cairo 
Datum. 

For  a  full  illustration  of  the  location  of  the  several  drainage 
canals,  drains,  branch  drains,  pumping  stations,  relief  canals,  out- 
falls, etc.,  and  the  relative  position  of  the  several  sections,  I  have 
prepared  the  accompanying  map,  and  for  further  information  I  beg 
to  refer  you  to  the  report  on  the  drainage  of  New  Orleans  (1895) 
already  mentioned.  In  it  will  be  found  a  full  description  of  the 
adopted  plan. 

The  following,  quoted  from  the  report,  gives  the  order  of 
importance  for  the  extension  of  the  several  parts  of  the  w^ork : 

''That  part  of  the  second  section  lying  between  Broad  street 
and  the  river,  on  account  of  the  concentration  there  of  improved 
properties,  paved  streets  and  business  houses,  and  of  its  central 
position  with  reference  to  the  most  densely  inhabited  area  of  the 
city,  is  now  (1895)  more  urgently  in  need  of  improved  drainage 
than  other  localities,  and  it  is  evident  that  the  benefits  to  be  derived 
from  the  extension  of  the  plan  would  be  of  greater  immediate  public 
value  there  than  in  any  other  section  of  the  city." 

This  recommendation  includes : 

First.  The  construction  of  pumping  stations  Nos.  2  and  7, 
and  the  relief  branch  canal  connecting  these  stations. 

Second.     The  construction  of  St.  Louis  canal. 
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Third.  The  Basin  street.  Canal  street.  Camp  street,  Chartres 
street,  JuHa  street,  Constance  street,  Claiborne  street  and  Galvez 
street  drains. 

Fourth.     The  improvement  of  street  grades  and  gutters. 

Fifth.  The  improvement  of  (Orleans  relief  outfall  (giving  a 
relief  outlet  to  Lake  Pontchartrain). 

Sixth.  The  construction  of  the  Hagan  avenue,  CarroUton 
avenue,  Murat,  Banks,  Taylor  and  Conti  streets  open  canals. 

Seventh.  The  construction  of  the  main  canal  and  its  connec- 
tions vidth  the  sections  above  and  below. 

Says  the  report : 

"The  work  in  other  sections  may  be  prosecuted  in  any  order 
or  at  any  time  as  it  may  be  found  most  convenient.  Whatever  is 
done  towards  carrying  out  the  plan  in  any  section  cannot  be  injuri- 
ous to  the  interests  of  other  sections,  whether  or  not  they  are  directly 
benefited. 

"The  first  section  has  the  largest  area,  and  at  present  its  ten- 
dency towards  increase  in  population  and  improvement  is  probably 
more  apparent  than  that  of  the  other  sections. 

"The  work  in  the  Algiers  section,  on  account  of  its  compara- 
tively small  size  and  cost,  might  be  done  with  less  means  than 
would  suffice  for  much  efifective  work  in  othci'  sections,  and  hence 
might  be  undertaken  at  an  early  date. 

'Tn  the  third,  fourth  and  fifth  sections  the  situation  and  condi- 
tions are  so  similar  as  to  offer  at  this  time  no  suggestion  of  priority 
in  date  or  of  limit  in  which  work  should  be  undertaken." 

Let  us  now  consider  wdiat  has  been  done  so  far  to  carry  out  the 
recommendations  of  the  advisory  engineers  and  the  adopted  plan. 

Pursuant  to  an  order  issued  by  the  State  Legislature,  request- 
ing that  the  Louque  cut,  which  connected  the  Melpomene  outfall 
with'  the  New  Orleans  navigation  canal,  be  closed,  the  initial  step 
of  the  Drainage  Commission  was  to  award  a  contract,  November 
27,  1896,  for  the  digging  of  a  canal  to  connect  the  Melpomene 
•canal  with  the  upper  protection  canal.  Thus,  compelled  by  legis- 
lation to  devote  their  attention  to  the  first  section,  it  was  decided, 
with  the  advice  of  the  Chief  Engineer,  that  the  proposed  canal 
should  form  part  of  the  ultimate  system.  Hence  its  location  on 
Seventeenth  or  Palmetto  and  North  Line  streets  to  the  upper  pro- 
tection canal.  It  forms  part  of  the  relief  canal  between  pumping 
stations  Nos.  i  and  6,  is  6300  feet  long,  56  to  80  feet  wade  and  about 
14  feet  deep,  with  side  slopes  of  i^  to  i,  and  has  a  level  bottom  at 
elevation  8  feet  Cairo  Datum.     Total  cost,  $53,000. 

LTpon  organizing,  and  assuming  charge  of  all  funds  available, 
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the  Drainage  Ccmimissiuii  decided,  upon  the  advice  of  th-e  Chief 
Engineer,  to  carry  out  as  much  of  the  recommendation  of  the 
Advisory  Board  as  the  funds  at  hand  would  permit.  The  question 
whether  electricity  or  steam  should  be  used  as  a  motive  power  to 
operate  the  several  stations  to  be  eventually  constructed  was  then 
discussed,  and  it  was  decided  to  refer  this  to  an  expert  electrician, 
who  would,  in  conjunction  with  the  Chief  Engineer,  examine  into 
the  relative  cost  of  building  and  operating  an  electric  power  plant. 
It  was  decided,  pending  this  decision,  to  take  alternate  bids  to 
afiford  comparison  as  to  the  cost  of  steam  and  electric  operation. 

On  July  8,  1897,  bids  were  opened  for  the  construction  of  the 
following : 

Contract  "A."  Central  electric  power  station,  St.  Louis 
pumping  station,  Xo.  2,  Orleans  pumping  station,  No.  7,  and 
(because  of  the  construction  of  the  Seventeenth  street  canal ) 
jMetairie  pumpmg  station,  No.  6. 

Contract  "B"  (alternate  for  Contract  "A"  without  central 
electric  station).  Pumping  stations  Nos.  2,  6  and  7  for  steam 
operation. 

Contract  "C."  Lined  and  covered  canals, — viz,  St.  Louis 
canal.  Basin  street  canal,  Julia  street  canal,  Constance  street  canal. 
Canal  street  canal,  Chartres  street  canal.  Camp  street  canal,  Clai- 
borne street  canal  and  Galvez  street  canal. 

Contract  "D."  Open  and  unlined  canals, — viz,  Orleans  relief 
canal,  Orleans  relief  outfall  and  ^letairie  outfall. 

The  report  of  the  expert  and  of  the  Chief  Engineer,  based  upon 
information  gathered  from  a  tour  of  inspection  through  the  prin- 
cipal Northern  cities,  and  also  upon  a  comparison  of  the  bids  sub- 
mitted for  the  construction  of  an  electric  plant  for  the  operation  of 
the  several  stations,  proved  decidedly  favorable  to  electricity  as  a 
motive  power.  Thus  the  bids  for  Contracts  "A,"  "C"  and  "D" 
were  accepted ;  the  contract  for  this  work  was  signed  on  August  9. 
1897,  and  work  was  immediately  started. 

Considering  the  nature  of  this  work,  now  nearly  completed, 
the  ability  with  which  it  was  planned  and  executed  speaks  for  itself. 
Allow  me,  however,  to  state  here  that  it  is  a  most  extraordinary 
occurrence,  and  a  most  unnatural  one  in  our  city,  that  work  of  such 
magnitude  could  have  been  carried  on  to  completion  without  a 
single  appreciable  interruption  caused  by  complaints  of  residents, 
interference  from  courts,  injunctions,  etc..  and  without  any  serious 
accidents.  This  has  been  a  source  of  gratification  for  those  con- 
nected with  this  work,  and  I  think  speaks  very  highly  of  the  work 
itself. 
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LINED   AND    COVERED    CANALS. 

The  several  canals  which  I  shall  briefly  describe,  and  which  are 
included  in  Contract  "C,"  just  above  mentioned,  are  lined  with  sides 
of  masonry.  These  retaining  walls  have  a  thickness  of  i^  to  2^ 
brick  at  the  flood  line,  3^  to  6^  brick  at  the  bottom ;  the  thickness  of 
the  walls  being  regulated  by  the  depth  and  width  of  the  canals,  and 
vary  in  height  from  3  feet  6  inches  to  6  feet  o  inches.  They  are  on 
concrete  bottoms  i  foot  3  inches  to  2  feet  6  inches  in  thickness,  and 
for  all  the  larger  canals  on  a  double  row  of  40-foot  piles,  4x8- 
foot  centers,  with  12  x  12-inch  caps.  All  the  lined  canals  are 
covered  with  brick  arches  supported  by  I  beams,  7  to  20  inches  in 
depth,  all  4  feet  o  inches  centers,  with  a  cover  of  a  thick  layer  of 
concrete  having  a  thickness  over  center  of  arches  of  i  to  4  inches. 

The  St.  Louis  canal  extends  from  Basin  to  Broad  street, 
along  St.  Louis  street.  It  is  5600  feet  long,  20  to  25  feet  wide  at 
the  flood  line,  8.2  to  8.7  feet  deep  and  has  a  fall  of  3.6  feet  in  the 
total  distance.  Cost,  including  $60,000  of  asphalt  pavement, 
$407,000. 

The  Basin  street  canal  extends  along  Basin  street  from  Julia 
to  St.  Louis  street,  is  4950  feet  long,  13  to  20  feet  wide,  6.6  to  8.2 
feet  deep  and  has  a  fall  of  4.1  feet  in  the  total  distance.  Cost, 
$181,000. 

The  Julia  street  canal  extends  from  Constance  to  Basin  street, 
along  the  upper  side  of  Julia  street ;  is  2800  feet  long,  8  feet  4  inches 
to  II  feet  wide,  5.4  to  6.2  feet  deep  and  has  a  fall  of  4.7  feet  in  the 
total  distance.     Cost,  $75,000. 

The  Constance  street  canal  extends  from  Howard  to  Julia 
street,  on  the  river  side  of  Constance  street ;  is  960  feet  long,  6  feet 
o  inches  to  8  feet  4  inches  wide,  4  to  4.9  feet  deep  and  has  a  total  fall 
of  2.6  feet.     Cost,  $17,000. 

The  Canal  street  canal  extends  from  Chartres  to  Basin  street, 
on  the  north  side  of  Canal  street;  is  2100  feet  long,  9  feet  to  9  feet 
8  inches  wide,  6  to  7.5  feet  deep  and  has  a  total  fall  of  4.5  feet. 
Cost,  $68,000. 

The  Chartres  street  canal  extends  on  the  lake  side  of  Chartres 
street  from  St.  Louis  street  to  Canal  street ;  is  1450  feet  long,  5  to 
6  feet  wide,  3.5  to  4.8  feet  deep  and  has  a  total  fall  of  4.3  feet. 
Cost,  $26,000. 

The  Lower  Camp  street  canal  extends  from  Poydras  to  Canal 
street,  along  the  river  side  of  Camp  street;  is  1296  feet  long,  5  to 
6  feet  wide,  3.5  to  5.3  feet  deep  and  has  a  fall  of  4.1  feet.  Cost, 
$16,000. 

The  Upper  Camp  street  canal  extends   from   Girod  to  Julia 
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Street;  is  560  feet  long,  5  feet  wide,  3.1  to  3.9  feet  deep  and  has  a 
fall  of  1.9  feet.  This  canal  is  on  the  river  side  of  Camp  street. 
Cost,  $8000. 

The  Claiborne  street  canal  extends  along  the  center  of  Clai- 
borne street,  from  Julia  to  St.  Louis  street ;  is  5016  feet  long,  5 
feet  to  10  feet  6  inches  wide,  3.8  to  7.9  feet  deep  and  has  a  fall  of 
6.^  feet.     Cost  (estimated),  $90,000. 

The  Galvez  street  canal  extends  along  the  center  of  Galvez 
street,  from  Julia  to  St.  Louis  street;  is  5000  feet  long,  5  feet  to  12 
feet  6  inches  wide,  5  to  6  feet  deep  and  has  a  fall  of  2.7  feet.  Cost 
(estimated),  $110,000. 

PUMPING   STATIONS. 

St.  Louis  pumping  station,  No.  2,  is  located  at  the  intersection 
of  Broad  and  St.  Louis  streets.  The  building  covers  an  area  of 
5000  square  feet.  It  receives  all  the  water  collected  by  the  system 
of  canals  on  the  river  side  of  Broad  street,  in  the  second  drainage 
section,  and  pumps  it,  for  the  present,  by  way  of  Orleans  relief 
canal  towards  pumping  station  No.  7.  In  addition  to  this,  upon 
the  completion  of  the  main  canal,  it  will  receive  all  the  drainage 
from  the  first  drainage  section  and  pump  it  down  Broad  street 
towards  pumping  station  No.  3.  In  the  future,  in  times  of  exces- 
sive storms,  its  discharge  by  way  of  the  Orleans  relief  canal  can 
be  used.  Total  cost,  including  suction  and  discharge  basins, 
$135,000. 

Orleans  pumping  station,  No.  7,  is  located  at  the  intersection 
of  Taylor  avenue  and  Orleans  street,  near  the  New  Orleans  and 
Western  Railroad  crossing.  It  covers  an  area  of  5000  square  feet, 
exclusive  of  the  suction  and  discharge  basins.  Its  duties  are,  for 
the  present,  to  pump  all  the  drainage  w-ater  of  the  second  section, 
delivered  from  pumping  station  No.  2,  by  way  of  the  Orleans 
relief  canal^  to  Lake  Pontchartrain,  through  the  Orleans  outfall. 
In  the  future,  during  heavy  storms,  after  the  first  wash  from  the 
streets  has  been  directed  tow^ards  the  ultimate  outfall,  it  will  give 
additional  relief  by  discharging  some  of  the  accumulated  storm 
water,  by  way  of  the  Orleans  relief  outfall,  into  Lake  Pontchar- 
train.    Total  cost,  including  basins,  $175,000. 

Metairie  pumping  station.  No.  6,  is  located  at  the  intersection 
of  the  New  Orleans  and  \\'estern  Railroad  and  the  upper  protec- 
tion canal.  Its  model  and  dimensions  are  similar  to  those  of  pump- 
ing station  No.  7,  and  its  duties  are  the  same  for  the  first  drainage 
section  as  are  those  of  pumping  station  No.  7  for  the  second  section. 
Total  cost,  including  basins.  $175,000. 

The  Central  electric  power  station  is  built  at  the  intersection  of 
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the  New  Orleans  and  Western  Railroad  and  the  New  Orleans  and 
Northeastern  Railroad,  fronting  on  Florida  avenue,  and  very  near 
the  corner  of  Lafayette  avenue.  The  building  covers  an  area  of 
25,000  scjuare  feet.  It  has  a  separate  boiler  room  and  an  electric 
plant.  It  was  so  arranged  as  to  allow  a  partial  equipment  of  boilers 
and  electric  plant  for  the  present  requirements  of  the  drainage 
system,  reserving  additional  room  for  a  complete  installation  when 
the  system  is  completed.  The  electric  plant  is  of  the  most  improved 
design,  and  one  of  the  finest  in  the  South.  Total  cost,  including 
installation  for  present  requirements  and  line  for  transmission  of 
power  to  pumping  stations  Nos.  2,  6  and  7,  $350,000. 

In  speaking  of  the  power  plant  and  pumping  stations  I  have 
restricted  myself  to  generalities,  as  a  full  description  of  their 
machinery,  foundations  and  of  all  details  of  their  construction  and 
operation  could  not  be  comprehensively  included  in  this  paper. 

I  should  very  much  desire,  at  some  future  meeting  of  this 
Society,  to  listen  to  a  paper  on  this  subject,  which  could  no  doubt 
be  made  very  interesting  when  explained  by  one  more  competent 
than  myself. 

OPEN    AND    UNLINED    CANALS. 

The  Orleans  relief  canal  extends  along  the  line  of  the  old  out- 
fall, from  pumping  station  No.  2  to  pumping  station  No.  7.  It  is 
an  earth  canal,  12,000  feet  long.  34  to  80  feet  wide  at  the  surface, 
with  side  slopes  of  from  i:^  to  i^  to  i  and  a  level  bottom  throughout 
at  8  feet  Cairo  Datum.     Cost,  $70,000. 

The  Orleans  relief  outfall  is  the  old  Orleans  canal.  It  is 
10,000  feet  long,  about  60  feet  wide  and  10  feet  deep.  Cost  of 
cleaning  and  widening,  $10,000. 

The  Metairie  relief,  or  upper  protection  outfall,  extends  from 
pumpmg  station  No.  6  to  the  lake  shore.  It  is  50  to  65  feet  wide, 
12  feet  deep  and  13,000  feet  long.  Cost  of  cleaning  and  widening, 
$4000. 

The  ]\Ietairie  relief  canal,  or  rather  that  portion  of  it  which 
connects  the  Seventeenth  street  canal  with  pumping  station  No.  6, 
is  3700  feet  long,  with  side  slopes  of  i-J  to  i,  and  a  level  bottom  at 
elevation  8  Cairo  Datum.     Cost,  $11,000. 

The  Dublin  and  Claiborne  canals,  from  Seventeenth  street 
along  Dublin  to  Claiborne  street,  and  along  Claiborne  or  Mobile 
street  to  Nashville  avenue,  were  also  cleaned  and  reshaped.  Cost, 
$13,000. 

The  above-named  work  on  open  canals  was  made  by  means  of 
floating  dredge. 

On  October  21,    1897,   four,  months  after  letting  the  above- 
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nicntionccl  contracts,  the  Drainage  Commission  decided  to  give 
some  relief  to  tlic  section  in  the  vicinity  of  the  Jourdan  avenue 
pumping  station,  tiiere1)y  claiming  from  overllow  a  large  tract 
forming  the  rear  of  the  fifth  drainage  section.  The  jourdan 
avenue  canal  was  ordered  built.  It  extends  from  Ist.  Claude  street 
to  Florida  avenue;  is  6266  feet  long,  33  to  42  feet  wide,  with  side 
slopes  of  i^  to  I,  12.4  to  13.5  feet  deep  and  has  a  fall  of  2.3  feet. 
Total  cost,  $30,000. 

On  July  21,  1898,  owing  to  the  benefit  derived  by  the  residents 
of  the  district  from  the  inauguration  of  the  Jourdan  avenue  canal, 
and  the  presence  of  the  dredge  in  the  vicinity  offering  an  induce- 
ment to  secure  additional  work  at  reduced  prices,  the  Florida  and 
Lafayette  avenue  canals  were  put  under  contract. 

Florida  avenue  canal  forms  part  of  the  main  canal.  It  extends 
from  Elysian  Fields  avenue  to  the  Lafayette  avenue  pumping 
station  ;  is  4300  feet  long,  50  feet  wide  and  11  to  T2  feet  deep,  with 
side  slopes  of  1}  to  i. 

Lafayette  avenue  canal  extends  from  Claiborne  street  to 
Florida  avenue  on  Lafayette  avenue  ;  is  4342  feet  long.,  35  feet  wide 
and  8  to  12  feet  deep,  and  has  a  fall  of  4  feet.  Cost  of  the  two  canals 
last  named,  $19,000. 

Thus  the  fourth  and  fifth  drainage  sections  were  benefited,  but 
this  at  the  detriment  of  the  farmers  along  the  Louisville  and  Nash- 
ville Railroad  between  Peoples  avenue  and  Lee  Station,  because  the 
water  collected  by  the  Jourdan  avenue  system  was,  at  the  Jourdan 
avenue  pump,  lifted  over  the  rear  levee  and  there  left  to  find  its 
own  way  into  the  lake.  This  caused  the  letting  of  the  main  outfall. 
It  extends  from  Jourdan  avenue  pumping  station.  No.  5,  to  Bayou 
Bienvenu;  is  11,000  feet  long  (including  that  part  of  the  bayou 
which  is  widened),  60  feet  wide  and  10  feet  deep.  Estimated  total 
cost,  including  levees,  $25,000. 

In  addition  to  all  of  the  work  above  named,  a  contract  was 
given  for  the  cleaning  of  the  Eliza  and  Lapeyrouse  canals,  in  the 
Algiers  section,  and  of  several  earth  canals  in  the  central,  fourth 
and  fifth  sections.  This  was  intended  to  give  relief  until  such  time 
as  more  permanent  work  should  replace  these  earth  canals.  The 
total  cost  of  this  work  was  $14,000. 

The  following  contracts  were  awarded  during  July,  1899 : 

Contract  "E."  Melpomene  pumping  station.  No.  i,  at  Broad 
and  ^Melpomene  streets.  It  will  give  the  first  section  the  same  ser- 
vice as  pumping  station  No.  2  gives  to  the  second  section. 

Contract  "F."  Third  street  canal,  from  St.  Charles  avenue  to 
Claiborne  street ;  and  St.  Charles  street  branches,  from  Toledano  to 
Felicitv  street.     These  canals  will  be  lined  and  covered. 
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Contract  "G."  The  Claiborne  and  Melpomene  canals,  from 
Third  street  to  pumping  station  No.  i,  thence  to  Carrollton  avenue 
and  Seventeenth  street,  thus  completing  the  connection  between 
pumping  stations  Nos.  i  and  6.  , 

Contract  "H."  Algiers  pumping  station  building,  removing 
one  set  of  boilers  from  Jourdan  avenue  station,  furnishing  one 
pump  at  Algiers  station  and  installing  necessary  pole  line  and 
motors,  etc.,  to  operate  Jourdan  avenue  pump  by  electricity  fur- 
nished by  the  central  plant. 

Work  on  the  last  five  contracts  has  merely  been  started,  and 
should  be  completed  within  one  year. 

From  the  preceding  resume  of  what  has  been  accomplished 
with  the  limited  resources  of  the  Drainage  Commission  it  is  evident 
that  all  work  so  far  completed  or  contracted  for  has  been  a  step 
forward  in  the  right  direction  for  the  construction  of  a  complete 
drainage  system  in  accordance  with  the  plan  recommended  by  the 
Advisory  Board  of  Engineers  in  1895. 

It  was  a  happy  occurrence  for  our  city,  and  most  eminently 
proper,  that  the  two  distinguished  engineers  selected  to  design  and 
execute  this  great  work,  one  as  the  Chief  Engineer  of  the  Drainage 
Commission  and  the  other  as  the  engineer  of  the  contracting  com- 
pany that  secured  the  bulk  of  the  work,  had  participated  so  actively 
in  preparing  this  plan  during  their  connection  with  the  Advisory 
Board.  This  insured  a  thorough  familiarity  with  all  of  its  details 
and  purposes,  and  a  most  perfect  design  and  execution. 

I  have  refrained  from  further  description  of  the  canals  and 
stations  for  the  obvious  reason  that  each,  in  my  opinion,  could  be 
made  the  subject  of  an  interesting  study,  and  any  attempt  to  go  into 
details  would  have  been  an  imposition  on  your  kind  attention. 

I  have  gathered  the  information  imparted  herein  largely  from 
the  report  of  the  advisory  engineers,  which  I  have  often  quoted, 
and  from  the  records  of  the  Drainage  Commission,  to  which  I,  as 
an  humble  assistant,  have  personally  contributed. 

Through  the  courtesy  of  the  Chief  Engineer  of  the  Drainage 
Commission,  and  with  his  permission,  I  have  prepared  the  follow- 
ing drawings  here  exhibited : 

First.     Contour  map  and  profile. 

Second.  General  map  showing  work  so  far  completed  or 
under  contract. 

Third.  Section  of  St.  Louis  canal  (24  feet  4  inches  width  and 
piling). 

Fourth.  Section  of  smaller  drainage  canal  (8  feet  width  and 
no  piling). 
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Bv  Desmond  FitzGerald,  C.  Frank  Allen  and  Chas.  A.  Pearson,  Com- 
mittee OF  THE  Boston  Society  of  Civil  Engineers. 


[Read  September  20.  1899.*] 

Thomas  Doane  was  born  September  20,  182 1,  at  Orleans, 
Mass.,  and  died  October  22,  1897,  at  West  Townsend,  Vt.,  during 
a  visit  to  that  place  from  his  home,  in  Charlestown.  He  could 
readily  trace  his  ancestry  to  the  early  settlers  in  Massachusetts,  he 
being  a  direct  descendant,  in  the  seventh  generation,  from  John 
Doane,  who  came  to  Plymouth  probably  about  the  year  1630,  and 
who  seems  to  have  been  of  much  prominence  in  his  time  The 
earliest  authentic  records  of  Plymouth  Colony  in  1633  show  John 
Doane  to  have  been  a  member  of  the  council  to  the  Governor  of 
Plymouth  Colony,  and,  what  was  perhaps  a  greater  distinction,  that 
he  was  elected  deacon  during  that  year.  Deacon  John  Doane  was 
one  of  the  seven  heads  of  families  who  sailed  from  Plymouth  in 
1644  and  first  settled  Eastham  (then  Nauset),  which  was  incor- 
porated in  1646,  and  from  which  Orleans  was  set  off  in  1797-  I^ 
appears  that  he  ranked  among  the  seven  as  second  in  dignity  only 
to  Governor  Thomas  Prince.  He  represented  his  town  as  select- 
man, and  also  as  deputy  to  the  general  court.  He  died  in  1686.  at 
the  advanced  age  of  ninety-six  years. 

John  Doane,  the  father  of  the  subject  of  this  memoir,  was  also 
a  man  of  note,  having  served  as  county  commissioner,  representa- 
tive to  the  general  court,  State  Senator,  a  member  of  the  Governor's 
Council  and  a  delegate  to  the  convention  of  1820  to  revise  the  con- 
stitution of  Massachusetts.  "Squire"  Doane,  as  he  was  known, 
was  a  lawyer  of  the  type  to  which  the  word  counselor  best  applies, 
and  had  the  reputation  for  discouraging,  rather  than  provoking, 
litigation.  He  was  one  of  the  company  which  built  the  Orleans 
Academy,  and  was  among  the  first,  if  not  the  earliest,  in  this  coun- 
try to  engage  in  arboriculture,  planting  many  acres  in  pine  and  oak 
trees. 

The  mother  of  our  Thomas  Doane  was  Polly  Eldridge,  and 
there  were  eight  children,  only  one  of  whom,  Charles,  is  now  living. 
Thomas,  the  eldest,  attended  the  Orleans  Academy,  and  later  the 
English  Academy  at  Andover,  Mass.  His  school  education  ended 
when  he  was  about  twenty-one  years  old,  and  he  then  entered  as 
"student"  the  office  of  Samuel  M.  Felton,  a  noted  civil  engineer, 

^Manuscript  received  November  14.  1899. — Secretary.  Ass'n  of  Eng.  Sees. 
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then  practicing  in  Charlestown.  Air.  Felton  was  a  member  of  this 
Society  nntil  his  death,  and  Mr.  Doane  served  there  what  might  be 
called  his  apprenticeship  of  three  years.  Immediately  after  this  he 
was  placed  in  charge,  under  Mr.  Felton,  of  the  Windsor  White 
River  division  of  the  A'ermont  Central  Railroad,  and  later  was  for 
two  years  resident  engineer  of  the  Cheshire  Railroad,  with  head- 
quarters at  Walpole,  N.  H. 

In  December,  1849,  ]\Ir.  Doane  returned  to  Charlestown  and, 
in  company  with  his  brother,  John  Doane,  Jr.,  opened  an  office 
under  the  firm  name  of  T.  &  J.  Doane,  Jr.,  for  the  general  p  actice 
of  civil  engineering  and  surveying,  an  office  whicn  was  maintained 
until  his  death.  During  his  extended  absences  from  Charlestown 
the  conduct  of  the  business  was  in  the  hands  of  trusted  assistants. 
The  firm  also  maintained  for  many  years,  ending  in  1870,  a  Boston 
office ;  first  at  4  Cornhill  Court,  and  later  in  Barrister's  Hall,  Court 
Square,  a  building  which  was  then  occupied  by  several  others  of  the 
best  known  and  successful  engineers  of  a  generation  or  more  ago, 
a  number  of  whom  are  still  living. 

During  the  early  fifties  Simeon  Borden,  who  made  the  trigo- 
nometrical survey  of  Massachusetts,  spent  much  of  his  time  in  the 
Doane  office  in  Cornhill  Court.  In  the  Charlestown  office  were 
retained  many  old  plans  and  notebooks  of  value,  including  those 
formerly  belonging  to  Mr.  Felton  which  had  come  into  the  pos- 
session of  Mr.  Doane. 

In  October  of  1863,  after  the  commonwealth  had  undertaken 
the  work  of  continuing  the  construction  of  the  Hoosac  tunnel,  Mr. 
Doane  was  appointed  chief  engineer  under  a  State  commission 
consisting  of  John  W.  Brooks,  Samuel  M.  Felton  and  Alexander 
Holmes.  Upon  assuming  control  he  revised  the  line  of  tunnel  loca- 
tion, "boldly  locating  on  a  tangent  throughout."  He  did  away  with 
the  slight  angle  at  the  center  adopted  by  the  engineers  previously 
in  charge,  and  on  his  location  the  tunnel  was  finally  constructed. 
Under  his  direction  were  carried  on  the  very  careful  preliminary 
operations  for  determining  the  final  line  over  the  mountains ;  work 
done  with  a  degree  of  precision  which  rendered  possible  the  meet- 
ing of  the  lines  with  an  error  in  alignment  of  nine-sixteenths  of  an 
inch  in  one  case  and  five-sixteenths  of  an  inch  in  the  other,  although 
the  points  were,  in  the  first  case,  2056  feet  from  the  shaft  and 
10,138  feet  from  the  portal,  and  in  the  other  1563  feet  and  11,274 
feet  respectively.  It  was  Air.  Doane  who  ordered  the  large  Temple 
transits  which  were  an  important  factor  in  securing  the  exact 
alignment.  His  measurements  for  distance  and  level  were  also 
made  over  the  mountain  with  painstaking  accuracy,  and  with  almost 
equally  satisfactory  results. 
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It  was,  however,  in  the  construction  work  of  tlie  tunnel,  or, 
more  detinitely,  in  ininxlucing  and  developing  better  methods  of 
rock  drilling-  and  blasting,  that  Mr.  Doane's  most  valuable  services 
were  rendered  and  his  greatest  distinction  as  an  engineer  achieved. 
Experimental  studies  were  made,  and  critical  attention  was  given 
by  him  touching  the  use  of  nitro-glycerine  for  blasting,  of  com- 
pressed air  for  rock  drills,  to  the  form  and  details  of  rock  drills  and 
carriages  and  to  the  electrical  firing  of  charges.  In  1866  he  intro- 
duced into  this  country  the  frictional  ebonite  battery  for  electrical 
firing,  by'  which  he  was  able  to  fire  simultaneously  thirty-one 
charges,  as  compared  with  five  charges,  wdiich  he  found  the  limit 
with  Shaftner's  electro-magnetic  system. 

Of  his  work  in  connection  with  rock  drilling  and  explosives, 
Drinker,  in  his  great  work  on  "Tunneling,"  says:  "In  fact,  it  is 
tc  the  Hoosac  tunnel  that  we  owe  the  development  of  rock  drilling 
machinery  in  America."  "Experiments  were  made  by  the  Massa- 
chusetts State  Commission."  "They  were  supported  by  Mr.  J.  W. 
Brooks,  chairman  of  the  commission,  but  they  were  chiefly  carried 
on  under  the  direction  of  Mr.  Tliomas  Doane,  then  chief  engineer 
of  the  tunnel. 

"Air  compressors  were  first  applied  for  purposes  of  rock  drill- 
ing at  the  Hoosac  tunnel."  "Mr.  Thomas  Doane  had  the  experi- 
ments in  charge."  "To  Air.  Doane  is  chiefly  due  the  larger  share  of 
the  credit  for  the  persistent  efforts  made  by  the  commission  to 
develop  practical  rock-drilling  machinery.  He  originally  invented 
manv  points  connected  with  such  machinery,  for  some  of  which  he 
holds  patents;  others  were  allowed  to  pass  without  patenting." 
"Among  the  first  men  in  America  to  encourage  the  introduction  of 
nitro-glycerine  was  Mr.  Thomas  Doane,  who,  when  acting  as  chief 
engineer  of  the  Hoosac  tunnel  in  1866,  caused  Shaft'ner  to  make  a 
number  of  trials  with  the  (then)  new  blasting  agent.  These  trials 
were  eminently  successful,  and  ultimately  led  to  the  permanent 
adoption  of  nitro-glycerine  in  place  of  black  powder  in  the  tunnel. 

"So  many  able  and  distinguished  engineers  and  contractors 
have,  during  the  progress  of  the  Hoosac  tunnel,  contributed  in  a 
greater  or  less  degree  to  its  final  success  that  it  would  be  out  of 
place  in  a  record  such  as  this  purports  to  be  for  the  author  to 
attempt  to  give  especial  credit  to  any,  where  so  much  was  done  by 
all,  in  the  work  of  the  tunnel  proper.  But  Mr.  Doane's  connection 
with  the  Hoosac  tunnel  in  the  early  days  of  that  great  work  is  not  a 
matter  of  especial,  but  of  universal,  interest  to  the  engineering  pro- 
fession in  America;  for  to  his  persi.stent  energ>-,  his  far-seeing 
sagacity  and  his  able  management  we  in  a  large  measure,  and  in 
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fact  chiefly,  owe  the  development  and  introduction  into  this  coun- 
try of  the  present  advanced  system  of  tunneHng  with  machinery  and 
high  explosives.  It  was  under  his  direction,  as  engineer  of  the 
commission,  that  the  State  experiments  were  made,  and  the  long 
and  disheartening  fight  earned  through  which  terminated  in  favor 
of  the  new  system ;  the  system  which  has  since  given  us  the  Bur- 
leigh, Ingersoll  and  Wood  drills,  and  which  also  first  showed 
Americans  practically  what  the  potent  agency  of  nitro-glycerine  first 
applied  by  Nobel  in  Europe  in  reality  was." 

In  connection  with  the  tunnel  work  he  constructed  the  dam 
across  the  Deerfield  River,  250  feet  long  and  20  feet  high,  a  work 
of  some  importance  at  that  time.  It  was  built  to  furnish  power  for 
a  machine  shop  and  to  operate  the  machine  drills,  and  also  to  furnish 
ventilation  for  the  tunnel.  This  work  was  in  charge  of  Hiram  F. 
Mills,  as  assistant  engineer.  Charles  S.  Storrow  was  consulting 
engineer.  James  B.  Francis  was  also  consulted,  and  gave  his 
approval  to  the  location  and  plan. 

Mr.  Doane  resigned  his  position  as  chief  engineer  of  the 
Hoosac  tunnel  in  1867,  but  was  afterwards  employed  as  an  expert, 
with  others,  to  determine  the  amount  of  lining  necessary  for  the 
tunnel,  and  was  given  charge  of  doing  this  work  under  the  title 
of  consulting  engineer.  In  1875,  at  the  opening  of  the  tunnel,  Mr. 
Doane  ran  the  first  engine,  the  "N.  C.  Munson,"  through  it.  Even 
after  resigning  his  position  as  chief  engineer  he  maintained  his 
interest  in  the  question  of  the  use  of  compressed  air  and  the  per- 
fecting of  machinery  for  its  production  and  use,  in  which  he  was 
an  advanced  thinker;  and  in  1873  published  an  article  in  which  he 
advocated  some  of  the  methods  which  are  coming  into  favor  at  the 
present  time. 

In  1869  Mr.  Doane  became  the  chief  engineer  of  the  Burling- 
ton and  Missouri  River  Railroad  in  Nebraska,  a  part  of  the  Chicago, 
Burlington  and  Quincy  Railroad,  extending  west  from  Plattsmouth, 
at  which  point  he  established  a  steam  ferryboat  service  as  a  neces- 
sary part  of  the  system.  As  would  be  expected  by  any  one  familiar 
with  Mr.  Doane's  views  on  the  subject,  special  efl:ort  was  made  to 
secure  as  low  grades  as  possible  in  order  to  secure  economy  in 
operation,  and  at  the  few  points  where  higher  grades  seemed  un- 
avoidable arrangements  were  made  to  use  auxiliary  power.  This 
railroad  was  built  with  a  thoroughness  unusual  in  that  section  of 
the  country.  Howe  trusses  on  masonry  abutments  w-ere  used  in 
crossing  streams,  in  accordance  with  New  England  custom.  In 
two  cases  on  Salt  River  the  rather  unusual  device  of  piers  of  screw 
piles  was  adopted.     Hardwood  ties  of  oak  were  used  under  the 
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rails,  and  careful  attention  was  given  to  the  drainage  of  the  roadbed. 
In  fact,  the  expense  of  the  work,  due  to  securing  low  grades  and 
more  permanent  work  than  was  there  customary,  led  to  unfavor- 
al)le  criticism.  However,  after  the  railroad  had  been  in  operation 
about  a  year  Mr.  John  W.  Brooks,  president  of  the  railroad,  and 
himself  a  civil  engineer,  in  a  report  to  the  directors  said:  "Your 
road  was  built  by  an  engineer  who  did  not  know  how  to  build  a 
poor  one.  We  have  an  opportunity  to  judge  of  the  value  of  light 
gradients,  for  as  our  business  increases,  instead  of  multiplying 
trains,  we  have  but  to  add  cars  to  trains  already  scheduled."  It  is 
said  that  one  train  from  the  West  arriving  at  Plattsmouth  would 
have  made  three  in  its  further  journey  across  Iowa. 

Upon  completion  of  the  railroad  in  1873  ^I^-  Doane  returned  to 
the  East.  In  addition  to  the  work  on  the  Hoosac  tunnel,  he  was 
given  charge  of  the  relocation  and  construction  of  the  Troy  and 
Greenfield  Railroad,  on  which  there  was  a  large  amount  of  heavy 
work  in  the  way  of  abutments,  piers,  culverts  and  retaining  walls, 
as  well  as  in  excavation  of  earth  and  rock  in  large  quantities. 
}iluch  of  it  was  mountain  side-hill  work,  in  which  there  was  danger 
from  washouts  on  one  side  and  from  landslides  on  the  other. 

In  1879  ^^r-  Doane  again  went  West,  having  received  the  ap- 
pointment of  consulting  and  acting  chief  engineer  of  the  Northern 
Pacific  Railroad.  He  served  in  that  capacity  for  one  year,  re- 
organizing the  engineering  force  and  giving  his  attention  largely 
to  locating  what  was  known  as  the  Pend  d'Oreille  division,  cross- 
ing the  Columbia  Plains  in  Washington  Territory.  In  Dakota, 
part  of  the  Missouri  division  was  located  under  his  direction  dur- 
ing that  time.  While  with  this  railroad  he  found  that  the  move- 
ment of  railroad  materials  would  be  greatly  facilitated  if  a  track 
could  be  carried  across  the  Missouri  River,  and  he  therefore  built 
during  the  winter  a  railroad  across  the  ice  which  was  of  consider- 
able value  for  this  purpose. 

In  1880  he  made  a  railroad  reconnoissance  in  West  Virginia, 
and  prepared  a  profile  by  the  aid  of  an  aneroid  barometer  only ;  the 
line  being  150  to  200  miles  in  length,  and  the  exploration  being 
accomplished  on  horseback  with  a  single  guide  in  the  brief  period 
of  about  ten  or  twelve  days.  A  year  later  the  line  was  chartered  as 
the  Atlantic  and  Ohio  Railroad,  with  Mr.  Doane  as  chief  engineer. 
Some  work  of  location  was  done,  but  financial  troubles  soon  put  a 
stop  to  further  work.  As  an  example  of  Mr,  Doane's  standard  of 
honor,  it  is  related  by  Mr.  C.  W.  Folsom,  of  this  Society,  that 
"about  two  months'  pay  was  due  the  engineers,  and  Mr.  Doane, 
with  rare  chivalrv  of  character,  assumed  the  liabilities  of  the  com- 
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pany  and  paid  us  out  of  his  own  pocket.  He  had  made  himself  in 
no  way  legally  responsible,  but,  we  having  come  out  to  that  inhospi- 
table wilderness  on  his  invitation,  he  seemed  to  consider  himself  in 
honor  bound  to  see  us  through.  He  was  never  remunerated  for 
this  outlay  by  any  of  the  projectors." 

For  a  number  of  years  past  Mr.  Doane  had  often  been  con- 
sulted by  many  of  the  railroads  centering  in  Boston  on  important 
matters  connected  with  their  plans,  and  had  frequently  been  called 
upon  to  give  expert  testimony  in  the  courts.  He  had  also  given 
similar  service  to  the  Railroad  Commission ;  one  of  the  most  impor- 
tant reports  in  this  connection  being  the  report  on  the  proposed 
Northern  Union  Station,  which  was,  however,  finally  built  upon  a 
plan  different  from  that  advocated  by  him. 

He  reported  upon  the  condition  of  many  of  the  street  railways 
of  the  State,  and  was  employed  as  consulting  engineer  of  the  West 
End  Street  Railway  when  Henry  M.  Whitney  was  president  and  the 
question  of  motive  power  was  under  consideration.  In  the  winter 
of  1887-88,  in  company  with  other  officials  of  the  railway,  he  visited 
a  number  of  Western  cities  for  the  purpose  of  examining  cable 
systems.  He  also  went  to  Nova  Scotia  to  examine  and  report  on  a 
route  for  a  railroad  to  transport  coal  from  the  mines  of  the 
Dominion  Coal  Company  to  the  coast. 

A  large  part  of  the  engineering  for  the  city  of  Charlestown  was 
done  by  Mr.  Doane  previous  to  that  city  becoming  a  part  of  Boston 
in  1874.  In  fact,  it  is  stated  that  there  is  hardly  a  lot  in  Charles- 
town  which  he  had  not  at  some  time  surveyed.  Mr.  Doane  was 
doubtless  the  first  surveyor  in  this  section  who  referred  his  surveys 
to  a  meridian  passed  through  any  definite  permanent  point.  His 
survey  of  Charlestown,  made  many  years  ago,  showed  all  the  base 
line  points,  as  well  as  many  others,  by  their  co-ordinates  with  refer- 
ence to  the  State  House. 

For  more  than  twenty  years,  and  until  the  time  of  his  death, 
Mr.  Doane  was  an  active  member  of  this  Society.  He  was  elected 
President  shortly  after  its  reorganization  in  1874,  and  was  nine 
times  re-elected  to  serve  in  that  honorable  position.  He  always 
took  a  great  interest  in  its  affairs,  and  was  very  regular  in  his 
attendance  at  its  meetings.  He  served  on  important  committees, 
notably  those  on  finance  and  on  permanent  headquarters.  His 
interest  in  the  Society  was  maintained  to  the  last.  He  became  a 
member  of  the  American  Society  of  Civil  Engineers  in  1882. 

From  1869  to  1873,  while  a  resident  of  Nebraska,  Mr.  Doane 
was  instrumental  in  founding  "Doane  College,"  situated  at  Crete, 
on  the  "Big  Blue"  River,  twenty  miles  west  of  Lincoln,  and  one  of 
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the  loading-  institutions  of  education  in  the  State.  Oft'ers  by  the 
railroad  company  of  six  hundred  acres  of  choice  land  adjoining  the 
town  site,  and  of  fifty  lots  in  the  town  of  Crete,  by  the  Eastern  Land 
Association,  of  which  Mr.  Doane  was  a  member,  were  made  on 
condition  that  other  valuable  property  he  secured.  Through  Mr. 
Doane's  influence  and  his  own  liberal  financial  contributions  these 
conditions  were  fulfilled,  and  in  appreciation  of  his  efforts  his  name 
was  given  to  the  college.  It  contains  four  substantial  brick  build- 
ings, a  spacious  campus,  well-equipped  laboratories  and  dormitories 
for  both  sexes.  It  maintains  classical  and  scientific  collegiate 
courses,  a  military  department  and  a  conservatory  of  music.  ]Mr. 
Doane  rarely  failed  to  attend  the  commencement  exercises,  making 
yearly  a  trip  to  Nebraska  for  this  purpose.  He  was  one  of  the 
trustees  at  the  time  of  his  death.  He  had  prospered  financially,  and 
by  his  will  the  bulk  of  his  estate  will  eventually  go  to  Doane  College 
as  an  endowment. 

Mr.  Doane  was  twice  married:  on  November  5,  1850,  to  Miss 
Sophia  D.  Clarke,  who  died  December  i,  1868,  and  again  November 
19,  1870,  to  Miss  Louisa  A.  Barber,  who  now  survives  him,  as  do 
also  four  children  by  his  first  marriage. 

Mr.  Doane  possessed  something  of  the  religious  spirit,  which 
was  his  rightful  inheritance  through  a  long  line  of  ancestors,  several 
of  whom  were  deacons ;  and  he  early  associated  with  the  church. 
being  for  many  years  a  member  and  for  fourteen  years  himself  a 
deacon  of  the  W'inthrop  Congregational  Church  of  Charlestown. 
He  was  also  the  first  president  of  the  Charlestown  branch  of  the 
Young  Men's  Christian  Association,  and  was  a  member  of  the  Con- 
gregational Club  of  Boston.  His  religion  was  of  the  sort  that 
associates  good  deeds  with  the  devotional  spirit,  for  he  was  enthu- 
siastic and  generous  in  his  support  of  charitable  and  philanthropic 
work.  He  was  a  director  of  the  Associated  Charities  of  Boston, 
and  president  of  its  Charlestown  liranch.  He  was  a  vice-president 
of  the  Hunt  Asylum  for  Destitute  Children,  and  a  member  of  the 
Bunker  Hill  Boys'  Club. 

His  interest  in  good  citizenship  was  manifested  by  his  mem- 
bership in  the  Municipal  League  of  Boston,  and  his  frequent  at- 
tendance at  their  meetings.  He  was  a  member  of  the  New  England 
Historic  Genealogical  Society  and  of  the  American  College  and 
Educational  Society,  and  was  for  more  than  thirty  years  a  justice  of 
the  peace. 

Success  in  his  profession  was  the  legitimate  result  of  his  char- 
acter and  personal  qualities.  He  was  possessed  of  a  high  sense  of 
honor,  both  personally  and  professionally,  and  was  firm,  even  tena- 
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cious,  in  his  convictions  and  of  unflinching  integrity.  His  sound 
judgment,  breadth  of  treatment,  energy  and  love  of  accuracy,  led  to 
the  success  of  the  enterprises  entrusted  to  his  charge.  No  diffi- 
culty daunted  his  courage.  Work  done  by  him  must  be  good  work 
or  none.  He  would  resign  rather  than  imperil  life  by  imperfect 
construction.  He  was  not  content  to  build  for  the  present  only,  but 
constructed  for  the  future  as  well.  From  a  long  line  of  ancestry  he 
inherited  the  responsibility  of  maintaining  the  family  standard, 
which  was  high  both  in  ability  and  in  character ;  and,  in  view  of  his 
professional  services  in  engineering  and  their  great  value  to  civili- 
zation in  advancing  the  general  welfare  of  mankind,  of  his  splendid 
contribution  to  the  cause  of  education,  his  general  philanthropic 
work,  as  well  as  of  his  personal  character,  it  can  be  truly  said  that 
the  talent  received  from  his  Master  he  returned  increased  many 
fold. 
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By  E.  a.  Handy,  August  ^Mordecai  and  F.  C.  Osborn,  Committee  of  the 
Civil  Engineers'  Club  of  Cleveland. 


Never  before  in  the  history  of  this  Club  have  we  been  called 
upon  to  mourn  so  sudden  and  so  sad  a  death  as  was  that  of  our 
esteemed  fellow-member,  Clarence  Allan  Carpenter,  who,  on  the 
7th  of  November,  was  struck  down,  near  Geneva,  Ohio,  in  the 
active  performance  of  his  duties  as  engineer  of  the  Lake  Shore 
division  of  the  Lake  Shore  and  Michigan  Southern  Railway.  He 
had  parted  from  his  family  but  a  few  short  hours  before  in  good 
health  and  spirits,  only  to  be  brought  back  to  them  fatally  injured. 
For  two  days  he  lingered  between  life  and  death,  and  for  some  time 
it  was  earnestly  hoped  that  his  life  might  be  saved.  But  he  had 
been  too  terribly  hurt  to  survive,  and  on  the  9th  of  November  he 
died. 

Air.  Carpenter  was  born  at  Dedham,  Mass.,  in  1846.  He  was 
the  only  son  of  John  Allan  Carpenter,  a  well-known  contractor, 
whose  works  in  the  construction  of  the  Fitchburg  Railroad,  the  Old 
Colony  Railroad,  the  Lawrence  Dam  and  many  other  important 
enterprises  will  long  survive. 

He  was  educated  as  a  civil  engineer  at  Union  College,  at 
Schenectady,  N.  Y.,  and  began  his  professional  career  on  the 
Adirondack  Railroad,  in  Northern  New  York  State.  He  consecu- 
tively followed  his  profession  in  positions  of  responsibility  on  the 
Missouri,  Kansas  and  Texas  Railroad,  the  New  York  and  Canada 
line  of  the  Delaware  and  Hudson  Canal  Company  and  the  Little 
Rock  and  Fort  Smith,  the  Union  Pacific  and  the  Chicago,  Mil- 
waukee and  St.  Paul  Railroads.  With  the  last-named  road  he 
spent  eleven  years,  attaining  the  position  of  first  assistant  engineer. 
Later  he  was  engaged  in  surveys  for  the  Atchison,  Topeka  and 
Santa  Fe  system  in  California,  soon  returning,  however,  to  take  the 
position  of  division  engineer  on  the  Northern  Pacific  Railroad  at 
Helena,  Mont.  In  the  fall  of  1891  he  accepted  the  post  of  division 
engineer  of  the  Lake  Shore  and  Michigan  Southern  Railroad, 
which  he  held  till  his  untimely  death. 

Mr.  Carpenter's  reputation  for  care  and  accuracy  was  wide- 
spread, and  his  rare  capacity  for  detail  rendered  him  peculiarly 
fitted  for  the  positions  he  held.  Nothing  connected  with  his  depart- 
ment was  of  too  little  importance  to  claim  his  careful  personal  atten- 
tion and  skillful  execution,  while  the  effect  of  his  broad  and  com- 
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prehensiye  grasp  of  the  greater  problems  always  won  the  confidence 
of  his  employers. 

He  had  been  a  member  of  our  Club  since  January,  1894,  and 
was  frequently  among  us  at  our  meetings,  always  interested  in  the 
proceedings  and  in  the  welfare  of  the  Club. 

Although  quiet,  unassuming,  even  retiring,  in  disposition,  he 
was,  nevertheless,  universally  beloved  among  his  many  friends  and 
acquaintances.  There  was  not  a  man  on  this  division  of  the  Lake 
Shore  Railway,  from  the  highest  officials  to  the  section  hands,  who 
did  not  know  him  and  respect  him  for  his  sterling  character  and 
generous  heart. 

It  is  particularly  sad  that  so  able  a  member,  and  one  so  univer- 
sally beloved  and  respected,  should  be  thus  suddenly  cut  off  in  the 
midst  of  his  career  among  us.  His  memory  will  be  always  with  us, 
and  it  is  meet  that  the  following  resolutions  be  adopted  in  his 
memory : 

Whereas,  An  all-wise  Providence  has  seen  fit  to  remove  from  our  midst 
another  of  our  esteemed  brethren ;  and 

Whereas,  It  is  fitting  that  the  memory  of  his  life  and  character  be  pre- 
served to  us;  be  it  therefore 

Resolved,  That  in  the  sad  and  untimely  death  of  Mr.  Clarence  Allan  Car- 
penter, the  Civil  Engineers'  Club  of  Cleveland  has  lost  one  of  its  ablest  and 
most  respected  members;  and  be  it  further 

Resolved.  That  the  sincere  sympathy  of  the  Club  be  extended  to  his  fam- 
ily in  their  bereavement ;  and  be  it  further 

Resolved,  That  the  Secretary  be  instructed  to  spread  these  resolutions 
and  the  accompanying  memoir  upon  the  records  of  the  Club  and  to  transmit  a 
copy  of  these  resolutions  to  the  family  of  our  deceased  brother. 
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ENGLISH  EXPERIMENTS  ON  THE  BACTERIAL  TKEAT- 

3IEXT  OF    SEWAC;E,   AVITH  an  ACCOUNT    OF 

THE   AVORK    l>ONE  AT  MANCHESTER, 

i:N(iLAM),    1)1  RlN(r   THE  PAST 

YEAR. 


Bv  Prof.  Leonard  P.  Kinnicutt,  Director  of  Department  of  Chemistry, 
Worcester  Polvtechnic  Institute. 


[Read  before  tlie  Boston  Society  of  Civil  Engineers  January  24,  1900.*] 
The  bacterial  treatment  of  sewage  is  the  endeavor  to  obtain, 
under  control  and  supervision,  results  which  are  everywhere  being 
produced  in  nature  by  agents  which  have  been  at  work  ever  since 
life  first  appeared  in  the  world.  It  is  an  attempt  to  carry  on,  luider 
the  best  possible  conditions,  those  processes  of  nature  by  which 
dead  vegetable  and  animal  matter  is  continually  being  changed  into 
mineral  substances.  The  process,  though  often  talked  of  as  a  new 
discovery,  is  as  old  as  life  itself,  and  the  science  of  bacteriology 
has  given  us  no  new  method,  but  has  explained  to  us  the  steps  by 
which  the  results  are  obtained.  In  fact,  all  along  we  have  been 
purifying  sewage  bacterially,  but  it  is  only  a  generation  since  the 
first  scientific  investigation  on  sewage  purification  was  published. 
In  1870  the  first  report  of  the  Royal  Commission  on  the  best 
means  of  preventing  the  pollution  of  rivers  was  made,  and  in  this 
classical  report,  as  Dr.  Percy  Frankland  has  recently  said,  we  have 
not  only  the  first  indications  of  how  sewage  purification  should 
be  carried  out  on  scientific  lines,  but  also  how  the  real  purification 
of  sewage  must  be  conducted. 

The  truth  of  this  statement  is  shown  in  the  following  para- 
graphs taken  from  that  report: 

*}vranuscript  received  ?k[arcli  2.   1900. — Secretary.  Ass'n  of  Eng.  Socs. 
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"The  process  of  filtration  through  sand,  gravel,  chalk  or  cer- 
tain kinds  of  soil,  if  properly  carried  out,  is  the  most  effective  means 
for  the  purification  of  sewage. 

"Filtration  properly  conducted  results  in  the  oxidation  and 
transformation  of  ofifensive  organic  substances  in  solution,  as  well 
as  the  mere  mechanical  separation  of  the  suspended  matter,  which, 
when  in  motion,  the  sewage  carries  with  it. 

"With  a  properly  constituted  soil  well  and  deeply  drained, 
nothing  more  would  be  necessary  than  to  level  the  surface  and  to 
divide  it  into  four  equal  plots,  each  of  which  in  succession  would 
receive  the  sewage  for  six  hours.  In  this  way  the  sewage  of  a 
water-closet  town  of  10,000  inhabitants  could,  at  a  very  moderate 
cost,  be  cleaned  upon  five  acres  of  land." 

The  above  statements  of  Frankland,  based  on  laboratory  ex- 
periments, received  very  little  attention,  and  the  only  methods  which 
were  considered  by  sanitary  engineers  as  practicable  on  a  large 
scale  were  either  the  so-called  method  of  sewage  farming,  or  the 
treatment  of  sewage  with  chemicals. 

Sewage  farming  was  based  on  the  idea  that  plant  life,  of  itself, 
was  capable  of  decomposing  the  complex  organic  compounds 
contained  in  sewage  and  that  their  capacity  to  do  this  work  was  al- 
most without  limit,  consequently  sewage  could  be  applied  continu- 
ously to  cultivated  land,  and,  if  vegetation  was  not  drowned  out, 
purification  would  take  place. 

Treating  sewage  with  chemicals  was  an  attempt  to  remove 
not  only  suspended  decomposing  substances,  but  also  those  which 
were  in  solution,  it  being  believed  that  certain  chemical  substances, 
like  iron  or  aluminum  hydrate,  had  the  property  of  uniting  with  the 
soluble  organic  substances  to  form  insoluble  compounds,  and 
that  thus,  by  using  chemicals,  all  the  polluting  matter  in  the 
sewage  could  be  removed. 

We  now  know  that  it  is  neither  plant  life  in  the  one  case,  nor 
chemicals  in  the  other,  that  removes  soluble  putrifying  substances, 
but  that  the  purification  is  caused  by  those  minute  forms  of  vege- 
table life  which  we  call  bacteria,  and  the  great  work  achieved  by  the 
31assachu setts  State  Board  of  Health  was  to  show  that  sewage 
■  coiild  be  purified  on  a  large  and  practical  scale  by  these  agents. 
'The  publication,  in  1890,  of  their  work  on  the  purification  of 
:  sewage  and  water  was  epoch-making  as  regards  the  treatment  of 
; sewage.  This  report  is  too  well  known  to  you  all  to  require  any 
ibutithe  slightest  mention.  It  was  the  results  of  the  investigations 
of  such  men  as  Mills,  Drown,  Stearns,  Sedgwick,  Hazen,  and 
showed   what  had   been   partially   proved   in   the   laboratory,   that 
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under  the  proper  conditions  bacteria  were  able  to  destroy  all  of  the 
organic  matter  in  sewage.  The  proper  conditions  were  suitable 
material  on  which  the  micro-organisms  could  be  retained,  sur- 
rounding these  organisms  at  certain  intervals  with  air,  and  provid- 
ing periods  during  which  the  micro-organisms  could  rest.  The 
combination  of  these  conditions,  as  worked  out  by  these  men,  is 
now  known  under  the  name  of  Intermittent  Filtration  of  Sewage. 
The  suitable  material  was  sand  four  to  five  feet  in  depth,  and  the 
surrounding  of  the  bacteria  with  air  at  definite  intervals  and  allow- 
ing periods  of  rest  was  accomplished  by  underdraining  the  sand 
and  by  allowing  the  sewage  to  flow  through  the  sand  six  hours 
out  of  each  twenty-four. 

Working  in  this  way  it  was  shown  that  100,000  gallons  of  do- 
mestic sewage  could  be  purified  on  one  acre  of  sand  bed  area,  so 
that  danger  of  subsequent  putrefaction  was  removed,  and  that  with 
from  20,000  to  30,000  gallons  per  day  the  product  obtained  was,  as 
far  as  chemical  or  bacterial  analysis  could  show,  as  pure  as  spring 
water. 

A'aluable  as  these  results  were,  they  still  left  unsettled  a  num- 
ber of  important  points.  How  could  the  sewage  of  cities  be  puri- 
fied on  a  practical  scale  where  large  tracts  of  sandy  soil  did  not 
occur?  How  could  the  sewage  be  treated  where  the  separate  sys- 
tem of  sewers  was  not  in  use,  and  storm  water  was  carried  off  by 
the  sewers?  Could  sewage  containing  large  amounts  of  manufac- 
turing refuse  be  treated  bacterially  ? 

The  quantity  of  sewage  that  could  be  treated  by  intermittent 
fiUration  with  continuous  success  had  been  shown  not  to  be  over 
100,000  gallons  per  acre  per  day,  a  quantity  so  small  as  to  be  quite 
useless  for  towns  and  cities  which  would  be  obliged  to  construct 
beds  with  sand  not  i}i  situ.  This  point  was  quickly  perceived  in 
England,  where  sand  in  situ  is  not  of  common  occurrence,  and  the 
bacterial  sewage  work  in  England  started  with  the  problem.  Can  the 
amount  of  land  required  by  the  intermittent  filtration  method  be 
so  reduced  that  the  construction  of  artificial  liacteria  beds  will  be 
a  practical  possibility? 

The  results  of  the  investigations  started  l)y  this  problem  have 
given  us  what  is  known  as  the  contact  system  of  treatment  and  the 
septic  tank  treatment,  and  have  apparently  shown  not  only  that  by 
combining  these  two  methods  the  amount  of  area  required  for 
100,000  gallons  can  be  reduced  from  one  acre  to  about  one-seventh 
of  an  acre,  but  also  that  the  bacterial  treatment  is  possible  with 
sewage  containing  manufacturing  refuse,  and  have  outlined  how 
sewasfe  containing  storm  water  may  be  treated. 
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The  first  work  that  need  be  mentioned  is  that  of  Dibden  and 
Thndicnm.  The  experiments  of  the  Massachusetts  State  Board 
of  Heahh,  broadly  speaking,  have  been  along  lines  used  for  the 
purification  of  water.  Dibden  and  Thudicum  argued  that  in  sewage 
containing  such  vastly  greater  quantities  of  organic  matter  the 
bacteria  should  be  allowed  a  longer  time  for  action  than  could  be 
obtained  by  allowing  the  liquid  to  pass  through  a  sand  bed,  and 
that  a  greater  amount  of  work  could  be  obtained  from  the  bacteria 
if  the  bed  was  allowed  to  remain  full  of  the  liquid  for  a  certain 
number  of  hours.  All  the  micro-organisms  thus  being  kept  in 
contact  with  the  liquid,  they  would  be  afforded  a  better  oppor- 
tunity for  changing  the  organic  matter  into  mineral  matter,  and 
the  area  necessary  for  the  purification  might  be  reduced. 

The  first  series  of  experiments  were  made  at  Barking  on  the 
effluent  of  London  sewage.  The  sewage  itself  being  chemically 
treated  with  lime  and  iron  sulphate.  An  account  of  these  experi- 
ments is  given  in- the  Journal  of  the  Society  of  Cheiuical  Industry, 
1895,  pp.  915  to  920.     In  outline  they  were  as  follows: 

Coke  breeze  having  been  found  to  be  the  most  suitable  sub- 
stance for  the  filling  material,  a  bed  was  constructed  covering  one 
acre  of  land,  the  ground  was  leveled  and  embanked  and  perforated 
drains  were  laid  meeting  in  a  common  trunk  for  discharge,  which 
trunk  could  be  closed  and  opened  by  a  valve,  so  that  the  sewage 
could  be  kept  in  the  bed  or  the  bed  drained,  as  desired.  The  bed 
was  then  filled  with  coke  breeze  to  a  depth  of  three  feet  and  covered 
with  three  inches  of  sand.  The  method  of  using  the  bed  was  as 
follows : 

The  valve  in  the  trunk  drain  was  closed,  the  bed  was  filled  to  the 
level  of  the  surface  with  the  above  described  effluent,  which  con- 
tained about  0.7  parts  albuminoid  ammonia  in  100,000  parts,  the 
bed  was  allowed  to  remain  full  two  hours  and  then  emptied;  the 
emptying  occupying  about  two  hours.  This  process  was  repeated 
three  times  a  day  except  on  Sundays,  the  bed  thus  being  allowed 
to  remain  empty  from  twenty-four  to  thirty-two  consecutive  hours 
each  week.  Working  in  this  way  the  bed  passed  on  an  average 
1,000,000  gallons  a  day,  including  all  times  of  rest,  and  the  amount 
of  purification  determined  from  the  albuminoid  ammonia  was  from 
66  to  77  per  cent.  The  amount  of  nitrogen  found  as  nitrates  in 
the  effluent  was  about  one  part  in  a  himdred  thousand.  This  bed, 
I  may  mention  in  passing,  is  reported,  after  five  years'  working, 
free  from  clogging  and  its  capacity  not  impaired. 

Though  the  amount  of  purification  thus  obtained  did  not  com- 
pare   with    the    results    of    intermittent    filtration,    the    result    was 
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surprisins;ly  i^'ood  when  ilir  aimmiU  treated  per  acre  is  considered, 
and  seemed  to  show  that  the  theory  of  Dibden  and  Thudicum 
as  to  longer  and  more  intimate  contact  of  the  sewage  with  the 
micro-organisms  was  correct,  and  it  encouraged  Dibden  to  carry 
on  further  experiments  at  Sutton,  England,  using  crude  sewage. 

The  sewage  of  Sutton  is  what  would  be  called  a  domestic 
sewage,  and  the  sewage  system  is  on  the  separate  plan,  rainfall 
being  excluded,  though  during  wet  weather  a  large  volume  of 
subsoil  water  enters  the  sewers.  The  sewage,  however,  would  be 
classed  as  a  strong  domestic  sewage. 

After  a  nimiber  of  preliminary  experiments  had  been  tried 
similar  to  those  made  at  Barking,  one  of  the  tanks  that  had  been 
previously  used  for  the  chemical  treatment  of  sewage  was  placed  at 
Mr.  Dibden's  disposal.  On  the  floor  of  this  tank,  wdiose  area  was 
183  square  yards,  was  laid  a  6-inch  drain  connected  with  19  lateral 
drains  each  3  inches  in  diameter.  The  main  drain  was  provided 
with  a  6-inch  valve  so  that  the  bed  could  be  emptied  or  filled  .'*! 
will.  The  drain  pipes  were  covered  with  very  coarse  burnt  clay, 
and  upon  this  was  placed  a  la^er  of  burnt  clay  3  feet  deep,  the 
smallest  pieces  of  which  could  not  pass  through  a  half-inch  mesh. 
The  total  capacity  of  this  bed  was  218  cubic  yards,  and  when  filled 
with  burnt  clay  it  would  hold  13,500  gallons. 

The  burnt  porous  clay  having  been  inoculated  with  bacteria 
by  running  crude  sewage  slowly  through  it,  the  bed  was  filled  on 
November  21,  1896  with  sewage  which  had  only  been  strained 
through  a  screen,  to  intercept  the  grosser  particles,  the  flow  being 
stopped  as  soon  as  the  sewage  level  was  within  an  inch  or  so  of 
the  top  of  the  burnt  clay.  The  time  required  for  filling  the  bed  was 
about  I  hour.  The  bed  was  allowed  to  remain  full  for  about  2 
hours  and  then  emptied.  The  time  occupied  in  emptying  it  was 
i-^  hours.  The  bed  was  then  allowed  to  rest  for  2  hours,  after 
which  it  was  again  filled.  The  rate  of  flow  on  this  bed  averaged 
about  770,000  gallons  per  acre  per  day,  rest  periods  included.  The 
eftiuent,  as  I  have  seen  it,  has  been  clear  and  without  strong  odor, 
and  the  analyses  made  three  or  four  times  each  month  from 
November,  1896,  to  March,  1898,  show  the  "oxygen  consumed" 
has  been  reduced  from  4.66  parts  per  100,000  to  1.77,  and  the 
albuminoid  ammonia  from  0.85  to  0.296  parts  in  100,000,  the  purifi- 
cation equaling  about  64  per  cent.  The  amount  of  nitrification  has, 
however,  been  low,  only  0.66  parts  of  nitrogen  in  100,000  parts  of 
the  filtrate  being  found  in  the  form  of  nitrites  or  nitrates. 

This  series  of  experiments  substantiated  the  results  obtained 
at  Barking  and  also  proved  that  a  far  better  purification  of  sewage 
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could  be  obtained  in  the  above  manner,  without  the  formation  of 
any  sludge,  than  by  any  process  of  chemical  treatment,  which,  at 
the  best,  only  removes  52  per  cent,  of  the  total  organic  impurity. 

The  effluent  obtained  from  crude  sewage  by  the  above  plan  and 
with  a  bed  treating  over  700,000  gallons  per  day  per  acre  would, 
however,  undergo  secondary  putrefaction. 

Mr.  Dibden  at  once  saw  this  to  be  the  case  and  perceived  at  the 
same  time  that  a  further  purification  would  undoubtedly  be  accom- 
plished by  allowing  the  partially  purified  sewage  to  come  in  contact 
with  a  second  bacteria  bed;  reasoning  if  the  first  bed  removed  60 
per  cent,  of  the  polluting  matter,  why  would  not  a  second  remove 
60  per  cent,  of  that  which  still  remained?  The  experiment  was 
tried;  the  filtrate  from  the  first  bed  was  run  onto  a  second  bed  of  the 
same  size  and  construction  as  the  first,  filled,  however,  with  burnt 
clay  all  of  which  would  pass  a  half-inch  mesh,  the  method  of  work- 
mg  the  second  bed  being  exactly  the  same  as  with  the  first. 

The  result  was  satisfactory,  for  the  analyses  made  from  Feb- 
ruary, 1897,  to  March,  1898,  showed  that  the  "oxygen  consumed" 
by  the  effluent  from  the  first  bed  was  reduced  from  1.77  to  0.761 
parts  in  100,000,  and  the  albuminoid  ammonia  from  0.296  to  0.169, 
while  the  nitrogen  as  nitrites  and  nitrates  rose  from  0.66  to  1.75 
parts  in  100,000.  A  purification  of  the  first  effluent  of  about  50 
per  cent,  and  of  the  crude  sewage  of  over  82  per  cent. 

This  was  the  beginning  of  what  is  now  known  as  the  double 
contact  system,  the  action  of  wdiich  has  been  carefully  studied 
during  the  past  year  at  IManchester.  The  following  diagram,  Plate 
I,  taken  from  an  enlarged  drawing  of  a  plate  in  the  "Experts' 
Report  on  Treatment  of  Manchester  Sewage,"  gives  a  section  of 
two  beds  of  the  double  contact  system,  and  a  ground  plan  of  a  con- 
tact bed  empty,  showing  the  underdrains,  and  of  a  contact  bed  full 
of  the  filling  material,  showing  the  carriers  for  applying  the  sewage. 

As  is  seen,  in  the  double  contact  system  the  beds  must  be  on 
two  levels,  so  that  the  underdrains  from  the  first  bed  are  at  least 
on  a  level  with  the  top  surface  of  the  second  bed,  and  so  arranged 
that  the  effluent  from  the  first  bed  can  be  run  directly  onto  the 
second  bed,  or  into  the  effluent  channel.  The  valves  in  the  under- 
drains should  be  so  adjusted  that  the  beds  can  be  left  filled  with 
the  purified  sewage,  or  completely  emptied. 

In  making  contact  beds  the  ground  is  excavated  to  the  depth 
of  about  4  feet,  and  the  sides  and  bottom  made  water-tight  best  by 
cement  6  inches  thick  rendered  with  mortar  i^  inches  thick.  The 
bottom  of  the  beds  are  channeled  to  receive  drain  pipes,  or  the 
channels  themselves  serve  as  drains,  being  covered  with  perforated 
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slabs.  The  effluent  from  these  drains  passes  into  a  main  drain, 
which  is  so  constructed  that  by  the  use  of  manholes  and  valves 
the  effluent  can  be  carried  from  a  high  level  to  a  low  level  bed, 
or  can  be  delivered  directly  into  the  effluent  channel.  The  con- 
struction is  also  such  that  the  effluent  channels  can  be  kept  full  of 
the  purified  sewage  or  completely  emptied.  The  sewage  carriers 
are  so  arranged  that  the  crude  sewage  can  be  delivered  onto  any 
of  the  beds,  either  high  or  low  level,  and  is  distributed  on  the  beds, 
as  a  rule,  by  wooden  carriers  with  perforated  bottoms. 

The  beds  are  filled  to  a  depth  of  3  feet,  with  almost  any  kind 
of  hard,  porous,  jagged  material.  Dr.  Hill,  of  Birmingham,  pre- 
fers coal;  Mr.  Scudder,  of  Manchester,  clinkers  or  cinders.  At 
the  Manchester  experimental  works,  coke  is  used.  At  Sutton,  burnt 
clay.  I  believe  the  results  are  practically  the  same  with  the  various 
filling  materials,  and  all  that  is  necessary  is  that  the  material  should 
be  sufficiently  hard  so  as  not  to  be  easily  broken  down,  that  it 
should  be  more  or  less  porous,  so  as  to  have  a  large  water-absorb- 
ing area,  and  have  a  jagged  surface  on  which  the  gelatinized  micro- 
organisms can  easily  be  retained.  I  am  not  sure  but  that  broken 
iron  slag  would  not  be  a  better  material  than  any  of  those  mentioned. 
Whatever  the  material  may  be,  it  is  carefully  sifted  and  only  that 
portion  which  passes  a  i^-inch  mesh  and  is  rejected  by  one  :^-inch 
mesh  is  used  in  filling  the  bed. 

The  liquid  capacity  of  a  bed  so  filled  is  a  little  more  than  one- 
half  of  its  gross  capacity  when  empty,  and  this  is  called  the  initial 
capacity  of  the  bed.  During  the  first  two  or  three  weeks  of  work 
of  a  new  bed  there  is  a  marked  reduction  in  the  initial  capacity, 
but  after  this  time  the  liquid  capacity  remains  practically  constant. 
This  initial  reduction  is  probably  due  to  the  breaking  down  of  the 
filling  material,  and  also,  as  Frankland  says,  to  the  filling  material 
becoming  charged  and  coated  over  with  a  gelatinous  slime  con- 
sisting of  living  organisms  and  organic  matter  in  the  process  of 
transformation.  This  reduction  amounts  to  about  one-third  of  the 
initial  liquid  capacity,  or  we  can  say  that  the  constant  liquid  capac- 
ity is  two-thirds  of  its  initial  capacity.  This  working  capacity  re- 
mains nearly  constant  if  the  bed  is  not  overworked  and  is  prop- 
erly handled,  and  if  the  bed  is  allowed  periods  of  rest,  as  one  day 
in  seven  and  a  week  every  two  or  three  months,  there  seems  to  be 
little  danger  of  any  real  loss  in  the  constant  capacity  or  purifying 
power  of  the  bed,  and  as  far  as  can  be  ascertained  the  life  of  a  bed 
thus  worked  is  unlimited. 

In  using  the  contact  bed  system  of  treatment,  the  upper  level 
bed  is  filled  as  quickly  as  possible  with  sewage,  usually  in  a  half- 
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hour,  tlio  sewage  is,  as  a  rule,  allowed  to  remain  two  hours  in 
the  bed,  and  then  it  the  deterniinaliun  of  the  amount  of  oxygen 
consumed  or  other  test  shows  it  to  be  desirable,  it  can  be  run  onto 
a  low  level  bed,  or  if  sufficiently  purihed  directly  into  the  effluent 
channel.  The  time  of  emptying  also  occupies  one-half  hour.  If 
the  effluent  from  the  high  level  bed  is  run  onto  the  low  level  Led 
it  is  allowed  to  remain  on  the  low  level  bed  from  one  to  two  hours, 
as  the  case  requires,  and  then  passed  into  the  effluent  channel,  or 
in  a  triple  contact  system  it  can  be  run  onto  a  third  bed  on  a  iowcr 
level  than  the  second  bed.  After  a  bed  has  been  used  it  is  allowed 
\(j  remain  empty  three  to  four  hours  before  again  being  filled. 
L'sed  In  this  way  the  same  bed  can  be  filled  three  or  four  times  a 
day. 

As  to  the  amount  of  sewage  that  can  be  purified,  it  has  been 
shown  by  actual  work  that  500,000  gallons  of  crude  strong  sewage 
can  be  treated  on  an  acre  per  day  so  that  the  effluent  falls  well 
within  the  English  provisional  standard, — namely,  containing  less 
than  0.148  parts  of  albuminoid  ammonia  in  100,000  parts,  and  100,- 
000  parts  consuming  less  than  1.43  parts  of  oxygen  in  four  hours, 
and  also  that  the  effluent  so  obtained,  when  tested  by  the  incubator 
test,  shows  no  signs  of  putrefaction.* 

The  method  of  double  or  triple  contacts  has,  it  seems  to  me, 
placed  in  our  hands  a  very  delicate  piece  of  apparatus,  which  might 
be  called  a  bacteria  machine,  and  which  can  be  adapted  to  the 
work  required,  much  in  the  same  way  as  any  piece  of  machinery  in 
the  mechanical  arts.  For  instance,  with  a  very  weak  sewage,  one 
contact  can  be  used,  and  that  not  of  two  hours,  but  of  one  hour  only. 

In  another  case,  with  a  stronger  sewage,  one  or  two  contacts, 
each  of  two  hours,  or  one  of  two  hours  and  the  other  of  one  hour, 
can  be  tried,  while  with  certain  kinds  of  sewage,  which  might  come 

*The  incubator  test  ?o  far  as  I  know,  has  never  been  used  in  this  countrj', 
though  now  being  tested  in  my  laboratory,  but  from  experiments  made  in 
England,  it  appears  to  be  one  of  the  most  satisfactory  methods  for 
determining  the  character  of  a  sewage  effluent.  It  was  first  used  by  Mr. 
Frank  Scudder,  of  the  Mersey  and  Irwell  Commission,  Manchester,  and 
consists  of  determining  tlie  amount  of  oxygen  consumed  in  three  minutes 
by  fresh  effluent,  then  filling  a  bottle  with  the  same  effluent,  closing  it  and 
keeping  it  in  an  incubator  for  seven  days  at  a  temperature  of  eighty  degrees, 
then  again  determining  the  amount  of  oxygen  consumed  in  three  minutes. 
If  any  putrefaction  has  taken  place  the  amount  of  oxygen  consumed  will 
show  a  decided  increase  owing  to  the  more  ready  oxidizability  of  the  prod- 
ucts of  putrefaction.  If,  on  the  other  hand,  the  sample  remains  sweet,  the 
amount  of  oxygen  consumed  will  be  practically  the  same  as  before  incubation, 
or  there  may  be  a  slight  decrease,  owing  to  the  oxidation  of  impurities  at  the 
expense  of  the  nitrates  or  free  oxygen  contained  in  the  liquid. 
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down  the  sewers  at  certain  intervals  during  the  day,  it  would  be 
possible  in  a  well-arranged  plant  to  use  three  contacts.  This  plia- 
bility of  the  system  can  be  made  use  of  for  treating  storm  sewage, 
as  I  will  show  later. 

I  now  wish  to  speak  of  a  very  different  method  of  treating 
sewage,  the  so-called  septic  method. 

By  septic  treatment  is  meant  confining  the  sewage  for  a  given 
time  out  of  contact  with  air  and  light.  In  itself  it  is  the  method  of 
our  forefathers,  the  cesspool,  and  the  reactions  that  take  place  in 
the  septic  tank  are  similar  to  those  which  take  place  in  cesspools, 
resulting  in  bringing  into  solution  a  large  amount  of  suspended 
animal  and  vegetable  matter.  Even  the  use  of  a  tank  for  this  pur- 
pose is  not  new.  Dr.  S.  Rideal  (Cantor  lecture,  January,  1899) 
mentions  the  use,  as  early  as  1858,  of  a  large  underground  tank  by 
a  boarding  school  in  England  for  the  treatment  of  the  sewage  of 
three  hundred  persons,  and  Rudolph  Herring  has  lately  pointed 
out  that  the  Mouras  Automatic  Scavenger,  described  in  the  "Cos- 
mos les  Mondes,"  December,  188 1,  and  January,  1882,  was  a  true 
septic  tank. 

Further,  in  1891,  Mr.  Scott  Moncrieff  erected  at  Ashland  a 
tank  for  the  express  purpose  of  liquefying  the  solids  in  sewage,  in 
whicH  the  sewage  was  forced  upwards  over  a  bed  of  stones,  and 
in  a  report  of  this  process  made  by  Dr.  Houstan  in  1893,  as  Dr. 
Rideal  states,  we  have,  for  the  first  time,  the  idea  suggested  that  the 
removal  of  suspended  matter  by  micro-organisms  should  serve  as  a 
prelude  to  further  treatment. 

Notwithstanding  all  this,  the  process  as  a  factor  in  the  treat- 
ment of  sewage  of  towns  and  cities  is  new,  and  Mr.  Cameron,  of 
Exeter,  deserves  the  credit  of  having  given  to  the  world  a  new 
method. 

The  first  experiments  were  tried  at  Exeter,  England.  An 
underground  tank  was  constructed,  Plate  2,  A  and  B,  made  of 
cement  concrete,  65  feet  long,  16  feet  wide  and  of  an  average  depth 
of  7  feet,  and  having- a  cubical  capacity  of  53,000  gallons.  The 
tank  was  covered  with  a  concrete  arch  and  a  portion  of  the  tank 
near  the  inlets  was  made  about  three  feet  deeper  than  the  rest,  and 
partially  cut  ofif  by  a  low  wall,  forming  a  couple  of  pockets  or  grit 
chambers  to  retain  sand,  grit  and  road  washings.  The  inlets  were 
carried  down  to  a  depth  of  five  feet  below  the  surface  so  that  air 
could  not  make  its  way  down  with. the  sewage,  and  also  so  that 
gases  could  not  escape  from  the  tank  back  into  the  sewer.  The 
effluent  outlet  was  also  below  the  level  of  the  liquid,  and,  to  avoid 
any  current  that  would  be  liable  to  carry  with  it  any  of  the  floating 
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matter  from  the  surface,  a  cast  iron  pipe  was  carried  across  the 
whole  width  of  the  tank  15  inches  below  the  surface,  and  on  the 
lower  side  of  this  pipe  there  was  a  continuous  opening  about  one- 
half  inch  wide.  An  iron  pipe  about  i^  inches  in  diameter  extended 
out  of  the  top  of  the  tank  to  allow  the  escape  of  gases  which  were 
formed,  and  the  sewage  in  the  tank  could  be  inspected  by  opening 
a  manhole  at  one  end,  or  descending  into  a  manhole  constructed  in 
the  center  and  having  glass  windows. 

In  connection  with  the  tank  were  five  beds,  Plate  2,  B,  36  feet 
long,  20  feet  wide  and  4  feet  deep,  constructed  like  the  beds  at 
Sutton,  filled  with  crushed  furnace  clinker,  or  with  coke  breeze. 
Between  the  tank  and  the  beds  was  the  alternating  gear  patented  by 
Mr.  Cameron,  by  which  the  filling  and  emptying  of  the  beds  could 
be  done  automatically. 

In  August,  1896,  the  main  sewer  of  St.  Leonard's,  a  suburb  of 
Exeter  with  a  population  of  1500  and  an  average  daily  flow  of 
sewage  of  57,000  gallons,  was  connected  with  the  tank,  and  the 
above  volume  of  sewage  has  been  continuously  passed  through  the 
tank  since  that  time.  The  effluent  from  the  tank  falls  over  a  wall 
about  one  foot  high,  which  eft'ects  slight  aeration,  and  then  by  means 
of  the  alternating  gearing  is  caused  to  pass  automatically  on  one  or 
the  other  of  the  beds. 

Visiting  the  plant,  the  efiluent  from  the  tank  first  strikes  the 
attention.  It  is  a  brownish-colored  fluid,  free  from  palpable  sus- 
pended matter,  but  does  contain  solid  matter  in  a  state  of  very  fine 
subdivision,  almost  like  river  silt.  It  has  an  odor,  but  at  the  four 
different  places  where  I  examined  it  the  odor  is  not  more  offensive 
than  that  given  off  from  the  first  or  second  basin  used  in  the  chemi- 
cal precipitation  process. 

The  liquid  in  the  tank  is  covered  with  a  thick,  floating  mass, 
dark  brownish-yellow  in  color,  through  which  bubbles  of  gas  are 
continually  breaking.  This  floating  mass  is  said  to  have  formed 
during  the  first  six  or  eight  weeks  the  tank  was  in  operation,  and 
not  to  have  increased  much  in  thickness  since  that  time.  It  ap- 
pears to  be  composed  of  organic  matter,  but  in  fact  I  believe  it  is 
principally  a  mass  of  micro-organisms,  and  it  is  not  till  this  floating 
mass  has  been  formed  that  active  septic  action  takes  place.  At  the 
bottom  of  the  tank  there  was  last  summer  a  deposit  two  to  three 
feet  in  thickness,  the  accumulation  of  three  years,  as  the  tank  has 
never  been  cleaned  out.  This  deposit  looks  like  sewage  sludge, 
though  it  contains  much  less  organic  matter.  From  the  iron  pipe 
at  the  top  of  the  tank  issues  a  volume  of  gas  which  when  ignited 
burns  with  a  colorless  flame  about  one  foot  in  height.     The  unig- 
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nitcd  gas  has   no  very   marked  odor,  and  does  not  contain  ap- 
preciable amounts  of  sulphide  of  hydrogen. 

What  are  the  changes  that  take  place  in  this  tank?  The  most 
marked  change  is  the  disappearance  of  the  suspended  matter.  The 
analyses  of  Dibden  and  Thudicum,  made  at  Exeter,  on  thirteen 
twenty-four-hour  samples,  showed  that  the  sewage  contained  24^ 
grains  of  solid  matter  to  the  imperial  gallon,  and  that  the  tank 
effluent  contained  only  10.8  grains,  and  that  consequently  13.7 
grains  of  solid  matter  per  gallon  must  have  remained  in  the  tank. 

Allowing  that  the  rate  of  fiow  had  averaged  57,000  gallons 
per  day  and  that  the  average  amount  of  solid  matter  arrested  by 
the  tank  equaled  13.7  grains  per  gallon,  the  total  amount  arrested 
by  the  tank  in  one  year  would  be  24.6  tons.  In  August,  1897,  one 
year  after  the  tank  had  been  in  use,  careful  measurements  were 
made  of  the  deposit  'in  the  tank,  and  it  was  found  to  equal  about 
66  cubic  yards,  containing  11.66  per  cent,  solid  matter.  From  the 
specific  gravity  of  the  deposit  it  was  calculated  that  the  amount  of 
dry  solid  matter  in  this  sludge  equaled  5  tons.  The  diiTerence 
between  24.6  tons  and  5.5  tons,  or  19.1  tons,  gives  the  amount  of 
solid  matter  which  has  disappeared  in  one  year. 

This  result  has  been  corroborated  by  many  other  chemists; 
Mr.  Gilbert  J.  Fowler,  chemist  at  the  ^Manchester  Sewage  Works, 
found  that  from  each  gallon  of  sewage  passed  through  the  experi- 
mental septic  tank  at  those  works  about  7  grains  per  gallon  or  two- 
thirds  of  the  tbtal  suspended  matter  was  removed,  and  this  without 
the  formation  of  any  large  amount  of  sludge. 

How  can  the  decomposition  and  disappearance  of  this  large 
amount  of  solid  matter  be  explained?  The  theory  which  can  best 
be  supported  by  known  facts  is,  I  believe,  that  the  sewage  under- 
goes a  process  of  fermentation  which  results  in  the  decomposi- 
tion and  breaking  down  of  the  more  complex  animal  and  vegetable 
substances,  by  which  decomposition  the  greater  part  of  the  sus- 
pended matter  is  brought  into  solution.  Percy  Frankland,  lately 
speaking  regarding  the  purification  of  sewage  by  bacteria,  said : 
"For  practical  purposes  distinction  may  be  made  between  two 
classes  of  organisms, — namely,  those  which  are  active  in  the  ab- 
sence of  air,  anaerobic  bacteria,  and  those  which  are  active  in  the 
presence  of  air,  aerobic  organisms.  To  anaerobic  organisms  are 
due : 

7^;>^'/.  The  decomposition  of  cellulose  and  allied  substances 
and  the  formation  of  marsh  gas. 

Second.  The  decomposition  of  complex  nitrogenous  organic 
matter,  with  the  production  of  ammonium,  hydrogen  and  odorifer- 
ous substances. 
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Tiiird.  The  removal  of  oxygen  from  nitrates  with  simul- 
taneous oxidation  of  organic  matter. 

To  aerobic  bacteria  are  due  conversion  of  urea  and  similar 
substances  into  ammonium  salts;  second,  conversion  of  ammonium 
salts  into  nitrates." 

In  the  septic  tank  there  would  be  both  aerobic  and  anaerobic 
bacteria,  sewage  continually  entering  the  tank,  but  the  sewage 
being  practically  shut  off  from  air  and  light  it  would  be  a  most 
suitable  environment  for  anaerobic  bacteria,  and  we  would  expect 
that  the  first  two  changes  noted  by  Frankland  would  be  the  prin- 
cipal ones  that  take  place,  the  third  change  as  a  rule  taking  place 
in  the  passage  of  the  sewage  through  the  sewers. 

The  cellulose  in  various  forms,  as  paper,  starchy  substances, 
woody  fiber,  to  be  disintegrated  and  finally  liquefied;  the  complex 
nitrogenous  substances,  like  albumen,  to  be  broken  up  into  sim- 
pler compounds,  and  those  which  were  originally  insoluble  in 
water  thus  being  brought  more  or  less  into  solution.  In  these 
decompositions  a  large  amount  of  solid  matter  would  be  changed 
into  gaseous  compounds,  as  ammonia,  carbon  dioxide,  marsh  gas, 
hydrogen  and  nitrogen.  Of  these  ammonia  and  part  of  the  carbon 
dioxide  would  remain  in  solution,  while  the  others,  being  insoluble 
in  water,  would  escape  from  the  tank. 

As  a  result  of  these  changes  we  should  expect  the  effluent 
from  the  tank  to  contain  more  free  ammonia  than  the  crude 
sewage,  but  much  less  albuminoid  ammonia,  and  that  the  amount 
of  oxygen  consumed  by  the  effluent  to  be  also  much  less  than  that 
consumed  by  the  crude  sewage.  The  following  analyses  of  crude 
sewage  and  tank  effluent  show  the  results  actually  obtained. 

No.  I.  Average  of  a  series  of  analyses  made  at  Exeter,  by 
T.  B.  Perkins,  Esq.,  public  analyst. 

No.  2.  Average  of  a  series  of  analyses  made  at  Exeter,  by 
Dr.  G.  S.  Rideal. 

No.   I.  No.  2. 

Crude  sewage.     Tank  effluent.     Crude  sewage.     Tank  effluent. 

Free  ammonia   4-50  7-50  3-6o  4.90 

Albuminoid  ammonia 1.20  0.66  1.40  0.64 

Oxygen  consumed   4-50  3-io  6.56  4.32 

Chlorine 8.00  8.10 

That  a  large  volume  of  gas  is  given  off  from  the  septic  tank 
is  seen  not  only  at  Exeter,  but  at  Leeds  and  Manchester;  but  the 
only  determination  as  to  the  amount  (so  far  as  I  can  learn)  is  one 
made  by  H,  W.  Clark,  chemist  of  the  Massachusetts  State  Board 
of  Health,  working  with  a  very  small  experimental  tank.  His  re- 
sults indicate  that  from  five  to  six-tenths  of  a  cubic  foot  of  gas  are 
formed  from  100  gallons  of  sewage. 
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Analyses  of  the  gas  have,  however,  been  frequently  made,  and 
though  of  course  it  must  vary  greatly  from  time  to  time,  the  follow- 
ing analyses  made  by  Dr.  S.  Rideal  give  an  idea  of  its  composi- 
tion: 

Carbon  dioxide 0.3  per  cent. 

Marsh  gas 20.3 

Hydrogen 18.2        " 

Nitrogen  61.2       " 

It  is  not  a  long  step  between  a  closed  and  an  open  septic  tank, 
and  I  doubt  if  it  is  known  who  first  saw  that  similar  action  must 
talce  place  in  a  large  open  tank  as  in  a  closed  tank.     The  condi- 
tions, of  course,  in  both  cases  must  be  practically  the  same ;  no 
free  oxygen  can  be  present  in  an  open  tank  when  full  of  sewage, 
and  the  sewage  containing,  as  it  does,  a  large  amount  of  suspended 
matter,   very  little  light  can  penetrate  down  from  the   surface. 
\\'hoever  may  have  first  used  an  open  tank  for  septic  action,  1 
found  them  last  summer  being  used  experimentally  at  Accrington, 
Huddesfield,  Leeds  and  Manchester.     In  all  these  places  an  old 
tank  which  had  formerly  been  used  for  chemical  precipitation  had 
been  turned  into  a  septic  tank,  all  the  change  necessary  being  to 
place  the  outlet  so  that  the  effluent  opening  should  be  three  to 
four  inches  below  the  surface  of  the  liquid,  although,  of  course, 
in  the  building  of  such  a  tank  it  w^ould  be  better  to  have  the  inlet 
also  beneath  the  surface.     In  all  these  places  the  general  appear- 
ance of  the  liquid  in  the  tank  was  the  same,  very  dark  and  opaque, 
the  surface  coated  over  with  a  thick  layer  of  solid  matter,  and  the 
activitv  of  the  action  in  the  tank  slicnvn  by  the  thousands  of  bub- 
bles  of   gas   escaping   through   this   layer   of   solid   matter.     The 
effluent  was  of  a  dark  brown  color,  containing  suspended  matter 
in  a  verv  fine  state  of  subdivision,  but  neither  the  odor  given  ofY 
from  the  tank  or  from  the  effluent  was  so  offensive  as  to  prevent 
its  use  by  towns  or  cities.     That  the  action  which  takes  place  in  the 
open  septic  tank  is  very  similar  to  that  which  takes  place  in  the 
closed  tank  is  shown  by  a  series  of  experiments  made  by  ]\Ir.  Fow- 
ler, at  Manchester.     He  made  daily  analyses  for  one  month  of  the 
effluent  from  an  open  tank  and  of  the  effluent  from  a  closed  tank, 
both  being  supplied  with  the  same  sewage.     The  following  table 
gives  the  average  of  these  daily  analyses.     The  results  as  seen  are 
almost  identical. 

Parts  in  100,000.  Open  tank.  Closed  tank. 

Free  ammonia  320  310 

Albuminoid  ammonia 0.50  0.51 

Oxygen  consumed 8.46  8.43 

Chlorine    16.40  16.10 
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I  have  spoken  as  though  the  changes  in  the  tank  were  solelv 
due  to  direct  action  of  bacteria.  This,  however,  is  questionable. 
The  reactions  may  be,  to  a  certain  extent  and  possibly  even  to  a 
very  large  extent,  of  a  chemical  nature  and  brought  about  by  a 
class  of  substances  known  as  enzymes.  Enzymes  are  unorganized 
ferments,  chemical  substances  which  are  the  products  of  vegetable 
and  animal  life,  and  which,  in  minimum  amounts,  without  being 
themselves  used  up,  are  able  to  break  up  and  decompose  large 
amounts  of  complicated  and  insoluble  compounds.  Thus  the  en- 
zyme known  as  diastase  decomposes  starch;  lifase,  many  fats; 
cytase  decomposes  and  dissolves  cellulose.  These  enzymes  seem 
to  decompose  the  complex  organic  substances  by  what,  chemically 
speaking,  is  called  hydrolysis, — the  breaking  up  of  a  compound 
by  the  addition  of  water.  In  this  way  substances  like  albumen 
may  be  broken  up,  with  the  formation  of  nitrogen,  ammonia,  hy- 
drogen, marsh  gas  and  carbon  dioxide;  substances  like  cellulose 
into  hydrogen,  marsh  gas  and  carbon  dioxide.  Many  of  the  en- 
zymes being  the  products  of  anaerobic  bacteria,  they  would  natur- 
ally occur  in  the  septic  tank,  and  a  large  amount  of  the  decomposi- 
tion may  thus  be  chemical  rather  than  bacterial. 

Whatever  may  be  the  exact  cause  of  the  changes  that  take 
place  in  the  septic  tank,  either  open  or  closed,  by  which  suspended 
matter  is  brought  into  solution,  the  process,  at  all  times  when  I  have 
seen  it,  was  about  as  follows:  As  the  sewage  enters  the  tank,  the 
solids  gradually  fall  to  the  bottom,  covered  with  millions  of  bac- 
teria. These,  or  their  products,  the  enzymes,  attack  the  solid  mat- 
ter at  the  bottom  of  the  tank,  gradually  decompose  it,  bubbles  of 
gas  forming  which  collect  about  the  fragments,  causing  them  to 
rise  to  the  surface;  where  a  large  portion  of  the  gas  becoming  de- 
tached, the  solid  matter  again  sinks,  and  this  rising  and  sinking 
continues  until  the  solid  mass  is  completely  decomposed.  At  the 
same  time  a  scum  begins  to  form  on  top  of  the  liquid,  and  it  is  not 
till  this  scum  is  from  one  to  two  inches  thick  that  active  septic 
decomposition  takes  place.  This  has  required  at  least  one  to  two 
months  in  a  new  tank,  but  in  a  private  letter  which  I  have  just  re- 
ceived I  am  informed  that  at  Accrington  they  have  been  able 
to  start  up  active  septic  action  in  a  new  tank  in  two  or  three  days, 
if  some  of  this  layer  from  the  top  of  an  old  tank  is  added  to  the 
liquid.  This  reminds  one  of  the  action  of  mother  of  vinegar,  and  if 
the  discovery  is  true,  and  there  is  no  reason  to  doubt  it,  it  is  not 
only  most  interesting,  but  of  practical  importance,  as  it  will  add 
greatly  to  the  efficiency  of  septic  plant  installation. 

The  real,  practical  value  of  the  septic  tank  is  that  it  destroys 
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suspeiuled  matter  without  t'onning-  any  great  amount  of  sludge  or 
precipitate,  thus  having  a  great  advantage  over  any  chemical  pre- 
cipitation process.  That  it  seems  to  bring  cellulose  into  at  least 
partial  solution,  thus  preventing  the  coating  over  of  bacteria  beds, 
either  those  of  intermittent  filtration  or  contact,  with  a  layer  more 
or  less  impervious  to  water.  That  it  breaks  up  the  more  complex 
organic  compounds,  forming  substances  that  are  more  easily  acted 
upon  by  the  nitrifying  bacteria  than  the  compounds  in  raw  sewage. 
There  is  also  another  advantage  in  the  use  of  the  septic  tank  that  it 
seems  to  me  may  be  of  great  importance.  In  all  bacterial  treat- 
ment of  sewage  the  changes  that  we  have  followed  in  the  septic 
tank  take  place,  but  in  the  systems  of  intermittent  filtration  beds 
and  contact  beds  the  second  phase  of  purification,  nitrification,  is 
also  being  carried  on  at  the  same  time.  If  in  either  of  these  systems 
too  little  air  is  supplied,  -the  aerobic  or  nitrifying  bacteria  cease  to 
work,  their  place  being  taken  by  the  anaerobic  bacteria,  which  are 
tmable  of  themselves  to  finish  the  process,  and  whenever  the 
anaerobic  bacteria  have  obtained  the  upper  hand,  as  is  the  case  when 
a  bacteria  bed  is  overworked,  the  bed  becomes  foul  and  the  product 
obtained  is  similar  to  a  septic  tank  effluent.  By  using  a  septic  tank, 
allowing  the  effluent  to  come  in  contact  with  air  and  then  passing  it 
onto  a  bacteria  bed,  the  two  phases  of  purification  are  kept  separate 
and  better  work  is  naturally  to  be  expected. 

Dr.  Percy  Frankland,  in  his  address  before  the  Sanitary  Insti- 
tute at  Southampton  last  August,  says  regarding  this  point : 

"It  is  obvious  that  the  indiscriminate  mingling  of  different 
classes  of  operators  in  one  place  is  entirely  opposed  to  the  principles 
of  organization  which  are  universally  adopted  in  industrial  estab- 
lishments. If  we  go  into  any  well-conducted  manufactory  we  shall 
find  that  each  class  of  employes  carry  on  their  work  in  a  separate 
room,  or  even  in  a  separate  building  altogether ;  and  only  in  an  ill- 
regulated  establishment  do  we  see  the  different  classes  of  workmen 
jostling  each  other  and  interfering  with  each  other's  duties." 

"In  the  purification  of  sewage,  similarly,  the  necessity  is  more 
and  more  forcing  itself  upon  experts  of  adopting  the  usual  indus- 
trial plan  and  separating  as  far  as  possible  the  different  classes  of 
the  myriads  of  microscopic  hands  which  the  sewage  work  has  in  its 
employ,  and  of  providing  for  each  a  separate  and  suitable  place  in 
which  they  can  carry  on  their  particular  line  of  business  without 
interference." 

This  seems  to  be  the  opinion  now  held  by  many  of  our  sanitary 
authorities,  according  to  which  the  ideal  treatment  of  sewage  con- 
sists of.  first,  the  so-called  septic  treatment,  and  then,  and  not  till 

15 
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then,  of  the  nitrifying  treatment.     The  successive  changes  wliich 
take  place  may  be  summarized  as  follows : 

The  sewage  as  it  enters  the  sewer  contains  free  oxygen, 
and  both  classes  of  bacteria.  Oxygen  being  present  the  aerobic 
bacteria  act  upon  the  most  easily  decomposible  substances,  like  urea, 
ammonia  being  given  off.  The  free  oxygen,  however,  soon  be- 
comes used  up,  and  then  conditions  favorable  to  anaerobic  bacteria 
prevail.  Their  liquefying  action  begins  in  the  sewers,  and  is  carried 
on  under  the  most  favorable  circumstances  in  the  septic  tank,  cellu- 
lose, albumen,  gelatine,  fats,  etc.,  being  broken  up  into  simpler  com- 
pounds. The  effluent  as  it  passes  from  the  septic  tank  becoming 
more  or  less  aerated  by  falling  through  the  air,  conditions  again 
favorable  for  aerobic  action  are  brought  about,  which  are  increased 
up  to  as  great  a  degree  as  possible  by  intermittent  filtration  or  con- 
tact beds ;  and  on  these  beds  the  aerobic  bacteria  completely  decom- 
pose the  simplified  organic  compounds  resulting  from  the  septic 
tank  action,  with  the  formation  of  carbon  dioxide,  nitrites  and 
nitrates.  That  there  is  also  more  or  less  aerobic  bacterial  action  in 
the  septic  tank  there  is  little  doubt,  and  a  further  and  more  complete 
study  of  this  point  and  many  others  which  are  not  at  all  clear  at 
present  may  give  us  many  new  ideas  as  to  septic  treatment. 

Possibly  I  have  spoken  at  too  great  length  on  these  two  new 
developments  of  sewage  treatment,  but,  as  they  underlie  all  the  best 
work  that  has  been  done  in  England  during  the  past  two  years,  their 
importance  can  hardly  be  overestimated.  To-day  in  England  you 
see  on  every  side  experiments  being  made  along  the  lines  above 
mentioned.  Huddersfield,  Leeds,  Sheffield,  Manchester  have  all 
decided  that  purification  of  sewage  by  chemical  treatment  is  un- 
satisfactory, and  that  recourse  must  be  had  to  bacterial  treatment; 
and  even  Birmingham,  which  has  been  adding  year  after  year  acres 
of  land  to  its  sewage  farm,  is  also,  it  is  said,  turning  its  attention  in 
rhis  same  direction.  The  change  is  remarkable,  for  three  years  ago 
the  advocates  of  bacterial  methods  were  on  the  defensive.  To- 
day the  fight  is  over,  as  was  clearly  shown  last  August  at  the  meet- 
mg  of  the  Sanitary  Institute  at  Southampton.  This  society  has  a 
membership  of  about  1500,  including  representative  men  from  all 
parts  of  Great  Britain ;  and  at  the  meeting  there  was  to  be  found 
only  a  single  advocate  for  chemical  treatment  of  sewage,  and  no 
mention  was  made  as  to  the  profit  of  sewage  farming. 

As  I  have  said,  experiments  are  being  carried  on  all  over  Eng- 
land. The  centers  of  experimental  activity  are,  however,  at  Man- 
chester and  Leeds,  and  though  very  much  may  be  learned  by  visits 
to  both  of  these  cities,  I  shall  devote  the  remainder  of  my  time  to 
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.ManclK'slci".  as  \vc  lia\c  ilicrc,  as  the  results  of  the  experiments,  a 
fully  developed  plan  for  the  I)acterial  treatment  of  sewage  of  a 
nianufacturinj;"  citv  of  600,000  inhabitants  using  the  combined  sys- 
tem, and  where  the  normal  dry  weather  llow  is  24,000,000  gallons 
per  day. 

The  history  of  sewage  treatment  at  Manchester  is  typical  of 
that  of  most  of  the  manufacturing  cities  of  Juigland.  Until  1889 
all  the  sewage  of  the  city  was  discharged  untreated  into  the  four 
streams  and  rivers  that  tlow  through  Manchester,  finding  its  w^ay 
ultimately  into  the  Irwell.  In  that  year  Parliamentary  power  was 
obtained  to  divert  and  treat  the  sewage,  and  95^  acres  of  land,  sub- 
sequently increased  to  165^  acres,  were  acquired  at  Davyhtdme, 
about  hve  miles  from  ^Manchester,  for  the  erection  of  works.  The 
scheme  involved  36^  miles  of  intercepting  and  other  sewers,  a  sys- 
tem of  eleven  tanks  with  a  total  capacity  of  12,000,000  gallons  for 
chemical  treatment,  a  plan  of  dealing  with  the  resulting  sludge  1n^ 
eight  tilter  ])resses,  ])um])ing  engines,  sludge  wells,  etc.,  and  36 
acres  of  land  for  furtlier  treatment  of  the  effluent  from  the  precipi- 
tation tanks. 

'J'he  works  were  completed  in  1893.  The  sewage  as  it  came  to 
the  works  was  screened,  lime  and  sulphate  of  iron  added,  then 
passed  through  the  precipitation  tanks.  It  was  the  original  inten- 
tion to  discharge  this  effluent  on  the  36  acres  of  underdrained  land. 
but  this  was  never  really  done,  and  the  effluent,  or  at  least  the 
greater  part,  was  discharged  directly  into  the  ship  canal.  The 
result  was  unsatisfactory  from  the  very  first ;  an  effluent  could  not 
be  obtained  answering  the  requirements  of  the  English  provi- 
sional standard,  or  one  which  would  not  undergo  putrefaction  upon 
being  added  to  the  water  of  the  shi])  canal. 

This  result  is  certainly  an  ol)ject  lesson  on  a  large  scale  to  all 
who  contemplate  the  construction  of  sewage  plants. 

It  was  very  soon  evident  that  something  more  must  be  done, 
and  it  was  suggested  that  the  effluent  from  the  precipitation  plant 
be  purified  by  irrigation ;  but,  as  this  would  have  reciuired  at  least 
1300  acres,  exclusive  of  the  roads,  carriers  and  the  usual  adjuncts 
of  a  sewage  farm,  it  never  received  any  great  amount  of  favorable 
consideration.  In  1895  Sir  Hemw  Roscoe  suggested  that  the 
effluent  from  the  precipitation  tanks  should  be  purified  by  treatment 
on  liateria  contact  beds,  similar  to  tlie  method  tried  experimentally 
bv  Dibden  at  Harking  on  the  effluent  of  the  London  .sewage  ;  and  by 
his  advice  two  small  bacteria  beds,  afterwards  increased  to  four, 
were  built,  and  an  elaborate  series  of  experiments  under  the  imme- 
diate  direction   of    Mr.   Frank    Scudder   were   undertaken.     These 
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beds  were  i8  feet  long  and  12  feet  6  inches  wide  and  4  feet  deep, 
and  were  filled  to  the  depth  of  3  feet  wuth  the  filling-material ;  one 
with  coke,  one  with  cinders,  one  with  burnt  clay  and  one  with  coal. 
The  result  of  these  experiments  was,  briefly,  that  cindeis,  on  the 
whole,  were  found  to  be  the  best  material,  and  that  an  effluent 
answering  to  the  English  standard  and  one  that  would  not  undergo 
subsequent  putrefaction  could  be  obtained  by  passing  the  effluent 
from 'the  precipitation  process  at  the  rate  of  about  700,000  gallons 
per  acre  per  day  on  prepared  bacteria  smgle  contact  beds. 

While  the  experiments  under  Mr.  Scudder  were  still  being  car- 
ried on  Mr.  Meade,  the  city  surveyor,  though  expressing  his  confi- 
dence in  the  results  that  had  been  obtained,  presented  to  the  Com- 
mittee on  Drainage,  March  i,  1896,  a  plan  for  carrying  the  effluent 
from  the  precipitation  tanks  15^  miles  in  a  covered  conduit  to  the 
tide  waters  of  the  Mersey  at  a  cost  of  about  $1,300,000,  and  recom- 
mended the  plan  for  adoption  as  solving  for  all  time  the  sewage 
problem. 

This  plan,  however,  was  not  accepted  by  the  city  of  Manchester, 
and  in  May,  1898,  a  commission  was  appointed,  consisting  of 
Baldwin  Latham,  Escj.,  engineer;  Dr.  Percy  L.  Frankland,  biolo- 
gist, and  Dr.  W.  H.  Perkin,  chemist,  to  advise  regarding  the  three 
plans  above  mentioned,  or  on  any  "alternative  scheme  which  may 
be  put  before  them  or  which  they  may  themselves  recommend.'' 

Regarding  the  three  plans  that  had  been  proposed,  land  irriga- 
tion, the  culvert  scheme,  bacteria  filters,  only  the  latter  received 
favorable  consideration ;  and  as  this  involved  the  previous  treat- 
ment of  the  sewage  with  chemicals  and  the  disposal  of  190,000  tons 
of  sludge  annually,  it  was  felt  to  be  of  the  highest  importance  to 
undertake  an  experimental  investigation  to  see  if  it  was  not  possible 
to  apply  the  bacterial  process  directly  to  the  crude  sewage. 

The  investigations  which  were  thus  undertaken  were  on  a 
sufficiently  large  scale  to  be  classed  not  as  laboratory,  but  as  field 
experiments,  and  it  is  on  this  account,  as  well  as  on  account  of  the 
thoroughness  and  ability  with  which  uhe  work  was  carried  on,  that 
the  experiments  are  of  the  greatest  practical  importance.  The 
experiments  were  under  the  direct  charge  of  Gilbert  J.  Fowler,  Esq., 
chemist  of  the  Manchester  vSewage  Works,  and  it  is  due  to  his  per- 
sonal kindness,  as  well  as  to  the  report  of  the  hearings  before  the 
local  Government  board,  and  the  final  report  of  the  commission, 
dated  October,  1899,  that  I  am  able  to  give  an  account  of  this  work. 
In  giving  details  and  results  of  the  investigation  I  have  taken  the 
liberty  of  quoting  very  freely  from  this  last  report. 

The  experimental  plant  used  at  Manchester  can  be  divided  into 
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three  parts,  the  hactcria  I)ed  section,  the  septic  tank  installation,  the 
Roscoe  filters. 

THE    UACTliRIA    BED    SECTION. 

This  section,  as  shown  hy  Plate  3  (taken  l)y  permission  from 
the  experts'  report),  consists  of  one  small  settling  tank,  one  large 
tank,  300  hy  100  feet,  formerly  used  as  a  chemical  precipitation 
tank,  but  changed  by  the  experts  into  an  open  septic  tank,  and  five 
bacteria  beds.  These  beds,  A,  B,  C,  D,  E,  are  constructed  with 
6-inch  concrete  sides  and  bottoms,  rendered  with  cement  mortar 
•§  inch  in  thickness,  the  sides  having  a  slope  2  to  i.  A  and  C  are  on 
the  same  level,  B,  D  and  E  on  lower  levels.  The  first  four  are  33 
feet  6  inches  square  on  top,  17  feet  4  inches  on  bottom  and  are  4 
feet  deep.  Bed  E  is  much  smaller,  12  feet  sc|uare  on  top,  3  feet 
square  on  bottom  and  4  feet  deep.  The  bottom  of  the  beds  is  chan- 
neled to  receive  6-inch  and  2-inch  drain  pipes,  butt-jointed  and 
perforated,  with  their  tops  level  with  the  bottom  of  the  beds.  These 
drains  are  so  arranged  that  the  effluent  can  pass  from  either  of  the 
high-level  beds  A  or  C  to  any  of  the  low-level  beds,  or  pass  from  any 
of  the  beds  directly  into  the  effluent  channel.  When  the  liquid  is 
drawn  off  from  the  beds,  the  drains,  by  an  arrangement  of  man- 
holes and  valves,  can  be  kept  full  of  the  purified  sewage  or  be  com- 
pletely emptied. 

The  sewage  can  be  delivered  directly  upon  any  of  the  beds,  and 
is  distributed  through  wooden  troughs,  perforated  at  the  bottom ; 
one  main  trunk,  with  six  branches,  for  each  bed. 

The  beds  are  filled  with  clinkers  to  the  depth  of  3  feet: 
A  with  clinkers  passed  by  a  3-inch  mesh, rejected  by  a  i-inch  mesh  ;* 
B  with  clinkers  passed  by  a  i-inch  mesh,  rejected  by  a  ^--inch  mesh; 
C  with  clinkers  passed  by  a  4-inch  mesh,  rejected  by  a  ^-inch  mesh; 
D  with  clinkers  passed  by  a  ^-inch  mesh,  rejected  by  a  ^-inch  mesh; 
E  with  clinkers  passed  by  a  -^-inch  mesh,  rejected  by  a  -J-inch  mesh. 

The  beds  being  filled  only  to  the  depth  of  3  feet,  and  the  slope 
of  the  sides  being  2  to  i,  the  effective  superficial  area  of  the  four 
beds  A,  B,  C  and  D  is  about  one-seventy-sixth  of  an  acre. 

SEPTIC   TANK    INSTALLATION. 

This  part  is  very  similar  to  the  septic  tank  plant  at  Exeter. 
The  tank  is  40  feet  long,  12  feet  wide,  9  feet  2  inches  deep,  having 
an  arched  roof  in  which  are  placed  airtight  manholes  for  inspec- 
tion and  an  iron  pipe  for  the  escape  of  gases.  The  five  beds  have 
an  average  superficial  area  of  294  square  feet,  and  are  filled  to  the 

*The  filling  material  in  A  was  removed  in  the  summer  of  1899,  and 
broken  up  ?o  that  it  would  pass  a  -J^-inch  mesh,  rejected  by  a  ^-inch  mesh. 


ASSOCIATIOX  OF  EXGIXEERIXG  SOCIETIES. 


BACTI'.RIAI.  TRi'.ATMl'XT  OF  SEWAGE.  129 

depth  of  4  feet,  as  follows,  from  the  hottoni  u]j\\ar(ls:  i  foot  in 
depth  of  clinker  to  pass  3-inch  nicsh,  and  rejected  by  i-inch  mesh; 
2  feet  9  inches  in  depth  of  clinkers  pass  a  4-inch  mesh,  rejected  by  a 
•J-inch  mesh;  3  inches  in  depth,  of  residne  from  above  siftings, 
Avhicli  will  pass  a  i-inch  mesh. 

THE    ROSCOE   FILTERS. 

This  consists  of  two  of  the  original  filters  constructed  under 
the  direction  of  Sir  Henry  Roscoe,  and  which  have  already  been 
described.  They  were  used  by  the  experts  for  experimenting  with 
the  effluent  from  the  chemical  treatment. 

EXPERIMENTS    Willi    THE    IIACTEKIAL    BED    SECTION. 

The  sewage  used  in  these  experiments  could  be  applied  in  three 
different  conditions : 

Crude  Sewage.  Sewage  which  liad  only  l^een  screened  to 
remove  the  grosser  particles. 

Settled  Sezvagc.  Sewage  from  which  a  large  amount  of  sus- 
pended matter  had  settled  out  by  allowing  the  sewage  to  remain  in 
the  small  settling  tank. 

Saptic  Sewage.  Sewage  which  had  imdergone  septic  action  in 
the  large  open  septic  tank. 

The  first  series  of  experiments  were  made  with  settled  sewage. 
The  sewage  was  allowed  to  flow  from  the  sewer  into  the  settling 
tank  and  to  remain  there  for  one  houi ,  and  during  the  later  experi- 
ments a  small  wooden  partition  w^as  placed  in  this  tank  to  keep 
l)ack  as  far  as  possible  all  suspended  matter. 

Bed  A  was  then  filled  with  settled  sewage,  which  was  allowed 
to  remain  from  one  to  two  hours.  A  was  then  emptied,  the  effluent 
being  run  onto  bed  ?>.  which  remained  full  from  one  to  tWM3  hours. 
This  constituted  the  second  contact.  Each  bed  took  about  three- 
quarters  of  an  hour  to  fill  and  three-cjuarters  of  an  hour  to  em])ty, 
the  discharge  being  made  to  take  place  at  a  uniform  rate  by  regu- 
lating the  exit  valve.  Samples  were  taken  every  five  minutes,  and 
the  sample  analyzed  was  a  mixture  of  these  portions.  Before  re- 
filling the  same  bed  it  was  allowed  a  period  of  rest  varying  from 
three  to  five  hours. 

During  the  first  week  these  two  l)eds  were  used,  September  16 
to  September  21,  1898,  they  were  filled  only  once  a  day;  from  Sep- 
tember 21  to  October  26  twace  a  day,  and  from  October  26  to 
November  16  three  times  each  day.  The  average  holding  capacity 
of  these  beds  is  about  3500  English  gallons.  The  amount  of  sewage 
put  on  bed  A  with  three  fillings  a  day  would  be  10,500  gallons,  and, 
as  the  efficient  superficial  area  is  one-seventy-sixth  of  an  acre,  this 
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equals  798,000  gallons  per  acre.  With  double  contact,  however, 
the  effluent  from  A  runs  onto  the  bed  B,  having  approximately  the 
same  holding  capacity  as  A.  Consequently  the  amount  treated  in 
these  experiments,  with  three  fillings  a  day  and  double  contact,  is 
399,000  English  gallons,  or  478,000  American  gallons,  per  acre. 

The  daily  analysis  of  the  effluent  while  the  settled  sewage  was 
running  through  the  beds  at  the  above  rate  shows  considerable 
variation,  and  while  on  certain  days  both  the  albuminoid  ammonia 
and  the  oxygen  consumed  is 'above  the  English  provisional  stand- 
ard (albuminoid  ammonia  0.143  parts,  oxygen  consumed  1.43  parts, 
in  100,000  parts  effluent),  yet  in  the  great  majority  of  cases  it 
was  below  this  standard,  and  showed  little  tendency  to  putres- 
cence, as  indicated  by  incubator  test.  The  average  of  the  daily 
analyses  gave  o.ioi  parts  albuminoid  ammonia  and  1.4  parts 
oxygen  consumed,  the  settled  sewage  at  the  same  time  contain- 
ing 0.377  parts  albuminoid  ammonia  and  consuming  4.8  parts 
oxygen. 

Encouraged  by  these  results,  experiments  with  crude  sewage 
were  tried.  From  November  16  to  December  14  the  beds  were 
filled  once  a  day  with  crude  sewage  and  twice  a  day  with  settled 
sewage,  and  from  December  14  to  February  7,  1899,  three  times  a 
day  with  crude  sewage.  After  December  23  there  was  only  one 
day  when  the  oxygen  consumed  was  above  1.43,  and  during  the 
whole  of  the  eight  weeks  only  six  times  when  the  albuminoid 
ammonia  reached  0.143  parts.  The  incubator  test  for  the  greater 
part  of  the  time  was  most  satisfactory.  The  average  of  the  daily 
analyses  of  the  effluent  from  December  14  to  February  7,  1899,  gave 
0.094  parts  albuminoid  ammonia  and  1.08  parts  oxygen  consumed. 
The  crude  sewage,  albuminoid  ammonia  0.36,  oxygen  consumed 
6.6  parts. 

These  results  are  better  than  those  obtained  with  settled  sew- 
age, and  are  probably  due,  as  the  experts  remark,  to  the  fact  that  the 
efficiency  of  the  beds  had  increased  by  use. 

On  February  7  the  effect  of  four  fillings  a  day  was  tried ;  first 
with  crude  sewage,  but,  as  at  the  end  of  a  week  the  surface  of  bed  A 
showed  signs  of  clogging,  settled  sewage  was  substituted  for  crude 
sewage.  The  result  of  four  fillings  per  day,  equaling  637,000 
American  gallons  per  acre,  were  not  so  satisfactory  as  the  results 
of  the  previous  experiments,  the  albuminoid  ammonia  averaging 
0.147,  the  oxygen  consumed  1.41;  the  sewage  containing  0.56 
albuminoid  ammonia  and  consuming  7.5  parts  oxygen. 

When,  however,  the  effluent  from  the  second  contact  bed  B 
was   run   onto  bed   E,  thus   using  triple   contact,   the  albuminoid 
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anmiDnia  in  the  crtlucnt  from  bed  E  \\as  only  0.09,  and  the  oxygen 
consumed  fell  to  0.824  parts.  These  results  give  a  good  idea  of  the 
effect  of  multiple  contacts. 

The  conclusions  that  can  be  drawn  from  the  above  experiments 
are  that  crude  sewage  containing  trade  refuse,  and  an  amount  of 
organic  matter  corresponding  to  about  0.4  parts  albuminoid  ammonia 
and  6.5  parts  oxygen  consumed,  can  be  purified  by  double  contact 
on  prepared  bacteria  beds  at  the  rate  of  about  500,000  gallons  per 
day  per  acre,  so  that  there  is  very  little  trouble  to  be  expected  from 
secondary  putrefaction,  but  that,  run  at  the  above  rate,  there  will  be 
days  when  such  putrefaction  may  take  place. 

The  possibility  of  increasing  the  amount  treated  above  500,000 
gallons  per  acre  per  day,  and  at  the  same  time  obtaining  even  a 
more  satisfactory  effluent  than  the  one  just  mentioned,  was  next 
carefully  considered  by  the  commission.  At  the  first  presentation 
of  the  Manchester  sewage  problem  the  commissioners  considered 
the  possibility  of  turning  to  account  the  large  and  costly  system  of 
tanks  already  existing  at  Davyhulme,  and  it  was  decided  to  use  one 
of  the  large  tanks  as  an  open  septic  tank,  believing  that  the  sewage, 
after  having  undergone  the  anaerobic  changes,  could  be  purified 
at  a  mucli  more  rapid  rate  on  the  bacteria  contact  beds. 

On  r'ebruary  16,  1899,  raw  sewage  w'as  allowed  to  flow 
through  one  of  the  large  precipitation  tanks,  300  feet  long,  100  feet 
wide,  6  feet  3  inches  deep,  holding  about  1,100,000  gallons,  at  the 
rate  of  1,700,000  gallons  per  day.  Under  these  conditions,  accord- 
ing to  the  commissioner's  report,  "the  contents  of  the  tank  soon 
became  black,  and  bubbles  of  gas  began  to  rise,  often  accompanied 
by  masses  of  sludge  from  the  bottom,  which  on  still  days  formed  a 
scum  which  nearly  covered  the  surface  of  the  liquid ;"  and  I 
may  mention  that  when  I  saw  this  tank  last  summer  the  whole 
surface  was  covered  with  a  thick,  dark  yellow  layer  one-fourth  of 
an  inch  to  an  inch  in  thickness,  and  also  at  that  time,  although  the 
tank  had  been  in  operation  for  six  months,  the  only  amount  of 
sludge  which  could  be  perceived  was  immediately  beneath  the  inlet 
penstocks.  An  enormous  amount  ot  insoluble  matter  must  have 
been  brought  into  solution  by  the  anaerobic  bacteria  during  the  six 
months  the  tank  had  been  running.  On  April  27,  when  it  was  per- 
ceived from  the  gas  given  off  in  the  tank  that  active  septic  action 
had  begun,  the  effluent  was  run  onto  bed  A,  and  from  there  onto 
bed  B.  The  results  were  not  at  first  satisfactory,  although  for  the 
most  part,  according  to  the  reports,  the  final  effluent  as  a  rule  com- 
plied with  the  English  standard.  The  commissioners  attribute  this 
rather  unsatisfactorv  result  to  the  fact  that  these  beds  had  been 
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accustomed  to  fresh  sewage.  On  Jtine  i  the  effluent  from  the  open 
septic  tank  was  run  onto  contact  bed  C,  and  then  onto  bed  D.  These 
beds  had  been  constructed  later  than  the  previous  beds  mentioned, 
and  had  from  the  middle  of  the  preceding  April  received  two  fillings 
a  day  of  settled  sewage.  Four  fillings  were  now  made  each  day, 
using  septic  tank  effluent,  the  quantity  thus  treated  equaling  about 
700,000  American  gallons  per  day. 

As  a  result,  according  to  the  report  of  the  experts,  not  a  single 
effluent  was  found  to  l)e  putrescible  by  the  incubator  test,  and  every 
one  was  within  the  limits  of  the  English  provisional  standard. 

The  following  table,  taken  from  the  experts'  report,  shows  the 
average  of  the  results  obtained  from  July  12,  1899,  to  September 
15,  1899.  First,  the  analysis  of  the  effluent  from  the  septic  tank; 
second,  the  effluent  from  the  first  contact  bed;  third,  the  effluent 
from  the  second  contact  bed.  The  table  shows,  therefore,  not  only 
the  degree  of  purity  of  the  .final  product,  but  also  the  amount  of 
impurities  taken  out  in  the  dift'erent  stages  of  the  process. 

I  have  also,  for  the  sake  of  comparison,  given  the  average 
analysis  of  the  sewage  and  of  the  effluent  obtained  by  intermittent 
filtration  at  Marlboro,  as  stated  in  the  last  report  of  the  Massachu- 
setts State  Board  of  Health,  1898,  where  the  amount  of  sewage 
treated  is  about  90,000  gallons  per  acre  per  day.  The  per  cent,  of 
impurities  removed,  as  determined  by  the  amount  of  al1)uminoid 
ammonia  and  oxygen  consumed,  is  also  given. 

Analysis  c/    c [fluent.     Parts  in  100,000. 

JIAXCHESTER. 

Nitrogen 
Free  AUjuniiiioid       Ox>\t;eii  nitrites, 

ammonia.      annnonia.      consumed.        nitrates.       Chlorine. 

Septic  tank 3.20  0.390  7.00  .  .  .  16.4 

First  contact  bed   .  .     1.80  0.170  2.20  0.052  16.0 

Second  contact  bed.     0.51  0.075  0.69  0.870  15.7 

MARLBORO. 

Sewage 1.90  0.4600  2.59  0.15  4.91 

Effltient    0.62  0.0328  0.34  0.56  500 

PER    CENT.    REMOVED. 

Manchester 84.1  75.2  90.1 

Marlboro  64.6  92.0  86.9 

As  is  seen  by  the  above  results,  there  is  no  question  but  that 
the  intermittent  filtration  method  gives  a  purer  product  than  is 
obtained  by  combining  the  septic  tank  with  double  contact  beds, 
and,  further,  judging  by  the  amount  of  albuminoid  ammonia,  the 
only  fair  factor  to  take.  The  percentage  of  organic  matter  removed 
by  intermittent  filtration  beds,  when  treating  sewage  at  the  rate  of 
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90,000  gallons  per  acre  per  da}',  is  gTeater  than  by  double  contact 
beds  treating  700.000  gallons  per  daw  W  lial  I  think  is  shown  by 
the  above  results  is  that  by  the  Manchester  method,  if  I  can  so  call 
it.  a  satisfactory  effluent,  one  containing  so  little  organic  matter  as 
to  be  non-putrescible,  can  be  obtained  on  one-ninth  the  area  required 
l>y  intermittent  filtration  beds. 

Regarding  the  experiments  matle  with  the  other  sections  of  the 
experimental  plant,  it  is  only  necessary  to  say  as  regards  "the 
Roscoe  filters"  that  they  have  been  worked  during  the  whole  period 
of  the  investigation,  receiving  the  effluent  from  the  precipitation 
tanks,  antl  from  the  last  report  their  efficiency  remains  at  least  at 
700.000  gallons  per  acre  per  day. 

CLOSED    SEPTIC    TAXK    IXSTALLATIOX. 

Experiments  with  the  closed  septic  tank  installation  were  begun 
in  November,  1898.  They  confirmed  the  results  obtained  at  Exeter 
as  regards  the  time  of  bringing  a  tank  into  full  septic  action,  the 
destruction  of  organic  matter  and  the  changing  of  complexed 
organic  compounds,  so  that  they  are  more  easily  attacked  by  the 
aerobic  bacteria.  But,  more  important  than  this,  the  experiments 
showed  the  decided  advantage  of  the  double  contact  system  over 
the  single  contact  method,  for  when  the  effluent  from  the  septic  tank 
was  treated  at  the  rate  of  700,000  gallons  per  acre  per  day  on  one 
bacterial  bed  of  a  given  unit  area  it  did  not  give  a  product  that  fell 
withm  the  English  standard,  though  it  showed  little  tendency  to 
putrefaction ;  while  if  the  same  effluent  was  passed  first  onto  one 
bed  of  one-half  the  given  unit  area,  and  tlien  onto  a  second  bed  of 
one-half  the  given  unit  area,  the  final  product  was  well  within  the 
English  standard.  Or,  in  other  words,  if  from  an  unit  area  two 
beds  are  made,  and  the  effluent  from  the  septic  tank  is  run  first  onto 
one  bed.  and  then  onto  the  second  bed.  a  far  purer  product  is 
obtained  than  when  the  effluent  is  run  onto  the  undivided  unit  area. 

This  is  clearly  shown  by  the  analyses  made  by  ]\Ir.  Fowler  of 
the  effluent  of  the  septic  tank  after  having  passed  through  an  un- 
divided unit  area,  and  of  the  same  effluent  after  having  passed  on 
an  unit  area  divided  into  two  beds. 

The  following  table  gives  the  average  of  the  results  of  daily 
analyses  made  during  the  month  of  March,  1899: 

I'nit  area  I'liit  area  divided 

undivided  into  two  parts. 

Alburpinoid  ammonia oi55  00/5 

Oxygen  consumed  1.650  0.690 

X.  as  nitrites 0.058  0.056 

X.  as  nitrates 0.382  0.814 
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This  direct  proof  of  the  great  advantage  of  dividing  a  unit 
area  into  two  parts,  or  of  the  double  contact  system,  is  of  the 
greatest  vakie,  and  I  think  it  will  have  a  very  important  bearing  on 
all  future  sewage  work. 

The  results,  in  brief,  obtained  from  the  experiments  I  have 
described  seem  to  show  : 

First.  That  crude  sewage,  containing  manufactory  waste,  can 
be  purified  so  that  it  will,  as  a  rule,  give  a  non-putrescible  effluent 
when  treated  at  the  rate  of  about  5oo,ocx)  gallons  per  day  per  acre, 
according  to  the  double  contact  method. 

Second.  That  if  crude  manufacturing  sewage  is  subjected  to 
septic  action  it  can  be  treated  at  the  rate  of  about  700,000  gallons 
per  acre  per  day  by  the  double  contact  system,  with  almost  positive 
assurance  that  the  affluent  will  not  be  putrescible. 

Third.  That  if  crude  sewage  is  subjected  to  septic  action  it 
cannot  be  treated  at  the  rate  of  700,000  gallons  per  acre  per  day  as 
satisfactorily  by  the  single  contact  system  as  by  the  double  contact 
method. 

Fourth.  That  the  effluent  from  the  chemical  precipitation 
process  can  be  treated  at  the  rate  of  at  least  750,000  gallons  per  day 
per  acre  by  the  single  contact  system. 

For  a  town  or  city  that  has  the  separate  system  of  sewers 
these  results  are  of  great  value,  but  a  very  important  question  still 
remains  to  be  answered.  How  can  the  double  contact  system,  or 
in  fact  any  method  of  bacterial  treatment,  be  adapted  for  a  town  or 
city  where  the  normal  flow  of  sewage  may  be  multiplied  four  or 
six  times  by  a  few  hours  of  heavy  rain  ? 

Experiments  have  been  made,  and  are  being  made,  at  Manches- 
ter and  many  other  places  in  England  as  to  the  treatment  of  storm 
sewage,  and  the  results  furnish  a  most  interesting  study  to  both  the 
chemist  and  the  engineer.  I  cannot  at  this  time  take  up  this  sub- 
ject, as  any  adequate  presentation  of  the  treatment  of  storm  sewage 
would  require  a  whole  evening.  I  will  merely  say  that  the  experi- 
ments made  at  Manchester  seem  to  show : 

First.  That  sewage  during  the  first  hour  or  so  of  a  storm, 
being  stronger  than  the  normal  sewage,  cannot  be  treated  at  an 
accelerated  rate  on  the  double  contact  beds,  but  that  the  sewage 
after  that  time,  as  it  becomes  diluted  with  the  storm  water,  can  be 
treated  at  an  accelerated  rate  on  double  contact  beds  by  first  short- 
ening the  time  of  contact,  and  then  by  allowing  only  one  contact  in 
place  of  two. 

Second.  That  when  a  storm  is  over  and  the  ordinary  treat- 
ment is  resumed  the  bacterial  beds  show  no  decrease  of  purifying 
efficiency  in  consequence  of  the  previous  accelerated  treatment. 
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The  information  gained  by  all  the  experiments  that  have  been 
conducted  at  jManchcstcr,  and  of  which  I  have  given  an  outline, 
have  fully  convinced  the  commission  that  both  the  dry  weather 
flow  and  the  storm  weather  flow  can  be  successfully  treated  by  the 
combination  of  the  septic  treatment  with  contact  bacteria  beds,  and 
they  have  recommended  the  following  plan  for  the  city  of  Man- 
chester, based  on  a  normal  flow  of  30,000,000  gallons,  though  the 
present  flow  is  only  24,000,000,  and  a  storm  weather  flow  of  over 
90.000,000. 

To  construct  four  additional  tanks,  each  of  the  cubical  capacity 
of  1,000,000  gallons,  to  serve  as  roughing  tanks,  through  which  the 
sewage  is  to  be  passed  rapidly.  To  raise  the  walls  of  the  eleven 
tanks  now  at  Manchester  so  that  their  capacity  shall  be  increased 
from  12,000,000  to  15,000,000  gallons.  To  make  120  contact  beds, 
each  of  one-half  acre  superficial  area,  to  be  built  in  pairs,  high- 
level  and  low-level.  The  carriers  to  be  so  arranged  that  the  sewage 
can  be  delivered  on  any  one  of  the  120  beds,  and  the  drains  so  con- 
structed that  the  effluent  from  the  high-level  beds  can  be  delivered 
onto  the  low-level  beds,  or  directly  into  the  effluent  channel.  To 
make  25  acres  of  single  contact  beds,  to  be  used  for  the  treatment 
of  the  storm  water  sewage,  not  dealt  with  by  the  120  contact  beds. 

The  usual  treatment  of  sewage  with  this  plant  would,  it  seems, 
be  somewhat  as  follows :  As  the  sewage  arrived  at  the  works  it 
would  be  screened  and  passed  through  the  four  roughing  tanks  for 
the  further  removal  of  mineral  matter  in  suspension,  then  passed 
slowly  through  the  eleven  large  tanks,  whose  cubical  capacity  is 
15,000,000  gallons,  so  that  the  flow  occupied  about  twelve  hours, 
these  tanks  thus  serving  as  open  septic  tanks.  The  sewage  from  the 
open  septic  tanks  would  then,  after  slight  aeration,  be  passed  on  to 
the  double  contact  beds. 

The  commission  believes  that  in  this  way  30,000,000  gallons  of 
normal  sewage  can  be  treated  per  day,  so  that  the  effluent  will  fall 
well  within  the  English  standard,  and  show  no  signs  of  putrescence  : 
and  that  in  providing  60  acres  for  a  contemplated  flow  of  30,000.000. 
when  experiments  have  shown  that  one  acre  is  capable  of  treating 
700,000  gallons  per  day,  sufficient  margin  has  been  allowed  for 
periods  of  rest  and  for  necessary  repairs. 

The  procedure  in  case  of  storms  would  be  somewhat  changed. 
The  double  contact  beds  w^ould  be  worked  at  about  their  usual  rate, 
till  it  was  shown  by  the  chlorine  number  that  the  sew^age  was 
diluted  with  rain  water;  the  rate  would  then  be  increased  propor- 
tional to  the  dilution,  first  by  shorter  contacts  and  then  by  single 
contacts  in  place  of  double.     As  the  volume  of  storm  sewage  in- 
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creased  part  of  the  sewage  would  be  cut  off  from  tlie  eleven  septic 
tanks,  passing  only  through  the  four  roughing  tanks,  and  from  them 
directly  onto  the  25  acres  of  storm  bacterial  beds,  where  it  could  be 
applied  at  the  rate  of  2,500,000  gallons  per  acre  per  day,  as  it  has 
been  shown  that  with  very  dilute  sewage  this  very  large  amount  can 
be  successfully  treated  for  short  periods. 

After  the  storm  was  over  and  the  flow  had  again  fallen  to 
normal  the  sewage  would  be  treated  in  the  usual  way.  and  the  storm 
bacterial  beds  be  allowed  to  rest,  receiving  only  an  amount  of  sew- 
age necessary  to  maintain  their  efiiciency. 

In  this  way,  even  without  shortening  the  time  of  contact  or 
number  of  contacts  on  the  120  regular  contact  beds,  it  is  believed 
that  a  storm  flow  of  90,500,000  gallons  per  day  could  be  successfully 
treated. 

I  have  tried  to  state  in  the  time  at  my  disposal  the  outline  of 
recent  experimental  work  in  England  on  the  bacterial  treatment  of 
sewage,  and  though  future  expeirience  and  study  will  undoul)tedly 
modify  many  of  the  views  now  held,  I  think  the  work  I  have  men- 
tioned shows  that  it  is  possible  to  purify  not  only  domestic  sewage, 
but  the  sewage  of  manufacturing  towns,  and  sewage  diluted  ^vith  a 
large  amount  of  storm  water,  by  bacterial  methods,  and  on  areas 
which  make  the  bacterial  treatment  possible  for  towns  and  cities 
where  the  amount  of  suital)le  soil  for  intermittent  filtration  beds 
cannot  be  obtained. 

How^  far  these  methods  are  applical)le  for  towns  of  Northern 
New  England,  where  the  winter  temperature  of  the  sewage  is  at 
least  ten  degrees  lower  than  it  is  in  England,  will  undoubtedly  be 
determined  by  work  done  in  America,  and  the  opinion  of  the  Massa- 
chusetts State  Board  of  Health,  based  on  experiments  wliicli  are 
still  being  carried  on,  will  be  of  the  greatest  value. 
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poij.i  I  ION  or  sTKi: Aivis,  WITH  si*i:(  lAL  i{i:ri:i{EN(  K 
TO   I  III:  <  iiK'A<;o  DKAiN  V(;i:  (ii  vnm:l. 


AitDKKSs  i!v  B.  II.  Q)i.r.v,  Rktiring  President  or  the  Exgineers'  Clud  of 

St.  Louis. 


I  Rcail  at  llu'  Annual  Dinner  1  )i.'ccnil)cr  20,  i8gg.*] 
Among  the  most  vital  questions  of  the  day,  that  concern  the 
present  and  future  welfare  of  our  cities,  none  is  more  important  than 
the  question  of  water  su[)ply.  \'ery  few,  if  any,  of  our  centers  of 
population  are  so  fortunately  situated  as  to  possess  an  abundant 
supply  of  pure  water,  free  from  contamination.  Cities  that  have 
thought  themselves  to  l)e  thus  favored  have  found  that,  under  con- 
•  htions  of  increased  population  at  home  or  in  other  cities,  not 
always  or  necessarily  near  to  them,  their  supposed  water  supply, 
far  from  being  pure  and  wholesome,  has  become  polluted,  imfit  and 
dangerous  for  human  consumption.  Particularly  is  this  true  of  all 
our  cities  depending  upon  streams  for  their  water  supply.  The 
day  has  gone  by  when  it  is  necessary  to  support  with  argument 
l)ef<^re  engineers  the  proposition  that  pure  water  cannot  be  drawn 
from  a  stream  flowing  through  a  settled  country  and  receiving  the 
dejecta  of  its  inhabitants.  It  has  now  become  a  question  of  how 
long  and  to  what  extent  such  conditions  will  be  allowed  to  prevail 
before  the  evil  consequences  thereof  are  recognized  by  the  majority 
of  our  people,  and  the  proper  remedies  demanded  and  applied. 

To  my  mind,  there  is  one  question  in  connection  with  water 
supply  paramount  to  all  others,  which  should  hrst  be  decided  by  the 
people  of  the  United  States,  before  our  cities  arc  required  to  adopt 
and  put  into  operation  plans  for  water  supply  or  sewage  disposal. 
I  mean  the  general  question  as  to  whether  our  rivers  and  streams 
are  to  be,  in  the  future  and  for  all  time,  the  protected  sources  of 
pure  water  supply,  from  which  all  comnumities  may  .Safely  draw, 
or  whether  they  are  to  be  open  channels  into  which  every  com- 
numity  may  discharge,  without  question  or  fear  of  legal  opposition, 
manufacturing  refuse,  offal  and  filth  of  every  kind  and  description. 
I'ltimatel}',  there  can  be  no  luiddle  ground,  as  at  present.  Our 
streams  will  be  pure,  or  they  will  be  foul.  If  the  people  decide 
that  they  are  to  be  foul,  what  follows?  Evidently  they  cannot  then 
be  sources  of  water  sup])ly.  Where,  then,  are  we  to  look  for  our 
water?  There  remain  only  two  sources,  lakes  and  wells.  It  is 
possible  to  sup])ly  from  the  great  lakes  upi>n  our  northern  border  a 
very  considerable  territory.     In  many  of  our  States  numerous  small 

^Manuscript  received  January  25.  1900. — Secretary.  Ass'n  of  Eng.  Sees. 
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lakes  are  to  be  found  that  contain  ample  supplies  of  water  which, 
under  proper  legal  supervision,  can  be  maintained  in  a  state  of 
purity.  In  rural  districts  wells  and  springs  must  continue  to 
furnish  the  inhabitants  with  water.  With  large  inland  cities  located 
upon  polluted  streams,  or  upon  no  streams  at  all,  the  latter  case 
being  very  rare,  the  problem  of  water  supply  will  become  very 
difficult.  In  certain  sections,  where  such  a  condition  prevails,  water 
may  be  secured  by  means  of  artesian  wells,  but  in  many  localities, 
as  in  St.  Louis,  artesian  wells  furnish  either  salt  water  or  water 
impregnated  with  various  mineral  salts,  rendering  it  unfit  for 
domestic  use.  Such  cities  will,  by  reason  of  their  geographical 
position  and  the  fouling  of  their  natural  source  of  water  supply,  be 
compelled  to  convey  water  in  most  cases  from  great  distances,  and 
at  an  expense  which  cannot  fail  to  be  a  great  burden  upon  their 
people.  Naturally,  in  such  cases,  the  first  thing  thought  of,  and  in 
most  cases  the  last  thing  done,  is  to  resort  to  filtration.  As  to  what 
results  may  ultimately  be  accomplished  by  improvements  upon 
present  methods  of  filtration,  the  best-informed  upon  the  subject  do 
not  now  feel  warranted  in  making  conclusive  statements  of  their 
opinions.  We  know  that  much  can  be  accomplished  in  this  direc- 
tion. We  know  that  nearly  all  suspended  matter  and  a  very  large 
percentage  of  bacteria  may  be  removed  by  filtration.  We  know 
that  soluble  salts  are  not  removed  by  filtration,  but  require  chemical 
precipitation.  We  know  also  that  the  typhoid  fever  bacillus  will 
pass  through  every  description  of  filters  known.  We  know  that  a 
certain  percentage  of  typhoid  fever  bacilli  are  destroyed  by  filtra- 
tion processes,  but  we  do  not  yet  know  what  that  percentage  is.  I 
believe  we  know  enough  about  filtration  to-day  to  plant  our  feet 
firmly  upon  one  unassailable  proposition,  and  that  is  that  all  water 
intended  for  domestic  consumption  should  be  filtered.  The  best  is 
none  too  good.  Therefore,  upon  the  proposition  that  our  streams 
are  to  be  pure,  let  us  make  them  as  pure  as  it  is  practicable  for  us 
to  make  them.  First  of  all,  to  this  end,  we  must  by  proper  legisla- 
tion prohibit  absolutely  the  discharge  of  raw  sewage  into  our 
streams  and  lakes.  We  must  also  protect  them  as  much  as  is  possi- 
ble from  surface  contamination. 

We  are  now  in  a  makeshift  stage  uncertain  of  our  ground, 
each  city  trying  to  make  the  best  possible  temporary  provision  for 
its  own  people,  and  I  am  afraid  in  most  cases  having  little  thought 
and  less  care  for  others.  Granted  that  this  is  true,  I  do  not  propose 
to  apologize  to  or  for  the  American  people.  The  condition  is 
natural,  and  what  might  fairly  be  expected  in  a  government  as 
young  as  ours.     In  many  older,  and  supposedly  much  more  enlight- 
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enctl  CDuntrios,  w  (.■  know  tliat  there  is  the  same  spirit  of  self  to-day, 
your  neighbor  to-morrow.  Boiled  down,  it  is  but  the  human  expres- 
sion of  nature's  first  law, — self-preservation ;  and,  so  regarding  it, 
we  recognize  the  almost  insurmountable  difficulties  to  be  overcome 
by  the  few  before  the  many  can  be  made  to  see  that  nature's  law^  of 
self-preservation  is  not  restricted  necessarily  to  individual  preserva- 
tion. Self-preservation  may,  and  often  does,  mean  the  preservation 
of  multitudes  with  self.  It  is  always  the  case  that  the  first  concep- 
tions of  so-called  natural  laws  as  well  as  of  human  laws,  are  selfish. 
We  are  prone  to  see  in  our  own  interpretations  all  the  possible  privi- 
leges and  advantages  secured  to  us,  and  all  the  restrictions  placed 
upon  our  neighbors. 

Xature  works  out  her  problems  in  long  periods  of  time,  and  we 
should  not  be  despondent.  It  is  none  too  soon  to  teach  the  golden 
rule,  but  it  is  too  soon  to  expect  the  majority  to  follow  it.  The 
world  is  young,  and  in  the  future  there  is  time.  As  Emerson  puts 
it,  "Man  is  no  upstart  in  creation,  but  has  been  prophesied  in  nature 
for  a  thousand  ages  before  he  appeared ;  from  time  incalculably 
remote  there  has  been  a  progressive  preparation  for  him,  an  efifort 
to  produce  him.  The  meaner  creatures  contain  the  elements  of  his 
structure,  and  point  at  it  from  every  side.  His  limbs  are  only  a 
more  exquisite  organization — say  rather  the  finish — of  the  rudi- 
mental  forms  that  have  been  already  sweeping  the  sea  and  creeping 
in  the  mud ;  the  brother  of  his  hand  is  even  now  cleaving  the  Arctic 
Sea  in  the  fin  of  the  whale,  and  in  innumerable  ages  since  was  paw- 
ing the  marsh  in  the  flipper  of  the  saurian."  Let  us  be  patient.  If 
it  took  countless  ages  to  produce  the  animal  man,  as  we  all  believe 
with  Emerson  it  did,  how  many  ages  will  it  take  nature  to  produce 
the  intellectual  part  of  man, — the  man  wath  the  divine  mind,  with 
the  broader  interpretation  of  natural  law,  to  whom  and  with  whom 
the  practice  of  the  golden  rule  is  but  the  natural  expression  of  his 
being?  This  is  dealing  in  futures, — a  long  way  in  the  future, — but 
until  the  golden  rule  man  is  here,  and  in  the  majority,  we  cannot 
expect  golden  rule  laws.  Our  lives  and  the  lives  of  many  genera- 
tions after  us  will  have  to  be  lived  under  conditions  little  improved 
upon  the  present.  Our  problem  is  not  how  to  deal  in  futures,  but 
with  the  present.  How  to  obtain  the  best  possible  for  all  living; 
how  to  make  the  best  use  of  what  we  obtain ;  how  to  preserve  the 
fruits  of  our  labor  for  those  who  are  to  come  after  us.  With  lesser 
aims  we  are  degenerates. 

Now  let  us  come  back  to  water  supply  and  its  related  subject. 
sewage  disposal.  How  are  we  to  obtain  the  one  and  dispose  of  the 
other?      ^lust    we    wait    for   the   golden    rule   man    to   be   in   the 
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majority?  Shall  we  go  about  like  fat  oxen,  feeding  off  the  bounties 
of  nature,  receiving  sustenance  from  her  lavish  hand,  but  returning 
to  her  nothing  but  our  dust,  content  with  our  sleekness?  Or  shall 
we  try  to  adapt  her  great  resources  and  forces  to  the  use  and  benefit 
of  man?  I  hold  that  nature's  resources  and  forces  lie  in  the  animate 
as  well  as  in  the  inanimate,  and  that  it  is  just  as  much  the  province 
of  the  engineer  to  develop,  utilize  and  control  the  great  animate 
mind  forces  of  nature  for  the  use  and  benefit  of  man  as  it  is  the 
inanimate  forces.  No  man  can  be  a  great  engineer,  or  great  in  any 
other  profession,  until  he  can  in  some  measure  control  mind  forces. 
A  great  man  must  be  enough  of  a  leader  to  secure  followers ;  must 
have  those  behind  him  who  are  willing  to  back  his  opinions  with 
their  purses ;  the  mind  has  to  be  led  before  the  purse  can  be  com- 
manded ;  without  the  money  bag  engineering  structures  are  impos- 
sible. Engineers  must  first  of  all  inspire  confidence  in  the  utility 
and  practicability  of  their  proposals.  No  great  undertaking  was 
ever  begun  and  carried  to  completion  without  confidence.  Some- 
times there  are  more  who  are  confident  of  your  failure  than  there 
are  those  who  are  confident  of  your  success.  Especially  is  this  so 
if  we  leave  the  beaten  track  of  common  practice.  But  at  times  leave 
the  beaten  track  we  must,  and  it  is  my  opinion  that  we  must  do  so 
in  the  case  of  water  supply  and  sewage  disposal.  Perhaps  I  should 
reverse  the  order,  as  in  many  cases  sewage  must  first  be  taken  care 
of  before  pure  water  is  possible.  This  means  that  every  city,  every 
town  and  every  factory  which  is  now  discharging  sewage  or  refuse 
into  streams  or  lakes  must  by  legal  enactment  be  made  to  render 
harmless,  by  proper  treatment,  all  of  their  sewage  and  wastes  before 
emptying  the  same  into  bodies  of  water  which  are,  or  which  might 
be,  used  as  sources  of  water  supply.  But  how  is  this  to  be  accom- 
plished ?  I  answer  by  Federal  law.  I  can  see  no  other  way.  We 
cannot  rely  upon  state  statutes  or  upon  municipal  ordinances  in  this 
matter.  The  majority  of  the  people  are  too  selfish  to  incur  the 
necessary  expense  to  protect  their  own  lives.  They  are  content  to 
take  their  chances.  Then,  too,  communities  are  justly  slow  in  as- 
suming great  expense  which,  after  all,  only  partially  protects  their 
interests,  requiring  for  complete  protection  similar  concerted  action 
and  expense  from  other  communities  before  the  benefit  sought  is 
received.  The  same  can  be  said  of  State  governments,  leading  us 
up  to  the  absolute  necessity  of  a  general  Federal  law  which  shall 
require  every  city  to  pay  for  rendering  harmless  to  others  its  own 
sewage  before  turning  it  into  streams  from  which  less  favored 
cities  must  by  necessity  draw  their  water  supplies. 

To  be  as  nearly  correct  as  possible  in  my  statements  of  existing 
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laws  in  relation  to  river  pdllution,  1  asked  my  friend,  Professor 
W.  S.  Curtis,  dean  of  the  St.  Louis  Law  School,  briefly  to  note  and 
comment  upon  such  laws  as  he  could  readily  find  upon  the  subject. 
In  substance,  Professor  Curtis  says,  "Upon  the  subject  of  pollution 
of  rivers  there  is  no  Federal  statute.  Some  of  the  States  may  have, 
but  such  laws  would  be  local  and  of  no  'interstate'  effect.  The 
English  have  an  act  called  'The  English  Rivers  Pollution  Act,'  of 
date  1876."  As  to  common  law.  Professor  Curtis  says,  "Without 
doubt  everywhere,  in  lioth  England  and  this  country,  the  common 
law,  as  distinguished  from  statutory  enactments,  protects  the  rights 
of  lower  riparian  owaiers  and  dwellers  as  against  those  living  higher 
up  in  all  customary  uses  of  the  waters,  including  the  right  to  have 
the  water  free  from  pollution;  the  only  question  is  as  to  how  far  (as 
against  how  slight  a  pollution)  the  right  extends.  A  case  illustra- 
tive of  this  right  is  in  119  California  Reports,  page  387.  The  use 
of  river  waters  for  drinking  purposes  is  comparatively  modern ; 
that  is,  in  the  wholesale  way  of  water  works  in  our  great  cities.  In 
the  absence  of  statute,  and  relying  on  common  law,  there  is  no 
doubt  the  lower  river  dwellers,  in  protection  of  rights  to  use  water 
by  water  works,  would  have  a  good  standing  in  court,  as  against 
such  a  wholesale  pollution  as  that  threatened  by  the  Chicago  Drain- 
age Canal  Commission ;  and  all  the  more  in  this  case  because  the 
commission  is  to  accomplish  its  object  by  lifting  the  waters;  in 
other  words,  by  changing  the  natural  configuration  of  the  drainage." 
He  adds,  "There  is  danger  in  sleeping  on  rights  while  expensive  and 
ostensible  preparations  were  being  made  by  the  commission.  If 
any  preventive  legislation  follows,  it  will  turn  upon  expert  examina- 
tion as  to  the  probable  extent  of  the  pollution,  and  upon  the  question 
how  far  rights  have  been  lost  by  postponing  interference.  An 
entirely  different  question  is  presented  at  lake  cities,  in  the  naviga- 
tion interests  involved,  consequent  upon  the  possible  lowering  of 
lake  levels  by  the  diversion." 

So  much  Professor  Curtis  gives.  I  may  add  that  all  navigable 
w-aters  in  the  United  States  are  under  Federal  control ;  that  no  State, 
city,  company  or  individual,  except  by  Federal  authority,  has  any 
right  whatever  to  their  use.  Doubtless  purely  commercial  reasons 
were  at  the  bottom  of  this  fundamental  principle  of  Federal  control 
at  its  inception.  The  same  reasons  that  induced  the  great  men  who 
framed  our  Constitution  to  invest  Congress  with  this  regulative 
power  as  to  navigation  exist  to-day  in  a  tenfold  ratio,  and  the  neces- 
sity for  such  power  is  a  thousand  times  more  apparent  now,  after 
one  and  a  quarter  centuries  of  internal  development  and  progress, 
which  at  the  time  of  the  adoption  of  our  Constitution  were  un- 
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dreamed  of  l)y  the  forefathers.  There  were  no  large  cities  then. 
There  were  no  polluted  streams,  and  the  question  of  water  supply 
upon  the  scale  now  necessary  throughout  the  length  and  breadth  of 
the  land  would  then,  if  thought  of,  have  been  believed  absurd. 

From  the  adoption  of  the  Constitution  to  the  present  day  the 
Federal  Government  has  assumed  a  firm  control  over  all  navigable 
waters,  and  over  all  the  land  of  the  country  as  well.  From  time  to 
time  it  has  enacted  laws  for  the  use  of  the  waters  and  the  disposition 
of  the  land.  There  is  a  small  minority  who  maintain,  with  what 
appears  to  me  to  be  much  more  of  zeal  than  of  sense,  that  the 
Federal  Government  should  not  dispose  of  its  land  to  individuals, 
but  should  hold  it  in  trust  for  those  who,  in  return  for  the  privilege 
of  occupation  or  cultivation,  are  willing  to  bear  all  the  expenses  of 
our  National,  State,  municipal,  county,  town  and  township  Govern- 
ments. That  the  policy  of  the  gift  of  homesteads  by  the  Govern- 
ment to  settlers  and  the  sale  to  others  who  desire  larger  farms  is  a 
wise  policy  and  approved  by  the  great  majority  of  our  people  is 
unquestioned.  But  I  have  never  heard  of  any  of  our  people  advo- 
cating the  gift,  sale  or  lease  of  any  body  of  navigable  water  lying 
within  the  borders  of  our  country.  It  is  impossible  to  conceive  of 
such  a  proposition  being  made  in  seriousness,  and  should  any  un- 
balanced legislator  have  the  temerity  to  bring  a  measure  before 
Congress  providing  for  the  sale,  lease  or  control  of  our  navigable 
waters  to  the  highest  bidder  such  an  one  would  raise  a  tidal  wave 
of  righteous  indignation  and  protestation  such  as  would  render  his 
residence  in  foreign  parts  convenient,  if  not  obligatory,  for  all 
future  time.  But,  important  as  the  interests  of  navigation  have 
become  at  the  close  of  this  century,  and  vital  as  the  principle  of 
Federal  control  of  navigable  waters  seems  to  our  people,  we  are 
beginning  to  see  that  there  is  another  and  more  vital  reason  for  the 
exercise  of  Federal  authority  in  this  matter.  Pure  water  is  one  of 
God's  best  gifts  to  man.  As  long  as  there  is  enough  for  all,  ques- 
tions and  contention  as  to  its  use  do  not  arise,  and  much  latitude  is 
permitted  users,  but  whenever  great  care  is  necessary  to  preserve 
the  purity  of  a  water  supply,  public  safety  demands  that  those  who 
refuse  to  regulate  their  actions  for  the  general  good  be  compelled  to 
do  so. 

A  city  has  power  to  regulate  and  control  its  own  people  ;  a  State 
has  the  same  power  over  the  city,  and  the  general  Government  has 
the  power  to  enact  laws  which  all  must  observe.  Within  their  own 
borders  it  is  in  the  power  of  cities  to  establish  sanitary  regulations, 
and  neglect  or  refusal  to  make  adequate  provision  in  this  respect 
to  a  degree  that  threatens  to  jeopardize  the  health  of  adjacent  dis- 
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tricts  is  legal  ground  Uiv  the  Stair  Id  step  in  and  cimiprl  cnactnicnt 
and  observance  of  proper  relief  measures.  Such  relief,  however,  is 
confined  to  one  State,  and,  although  local  relief  may  ensue,  the  un- 
sanitary condition  is  only  too  frequently  transferred  to  another 
locality  and.  as  is  often  the  case,  to  another  State. 

The  past  history  and  present  condition  of  water  contamination 
in  this  country  justifies  the  positive  assertion  that  the  subject  will 
never  be  satisfactorily  dealt  with  l)y  either  State  or  municipal  law. 
The  sooner  this  fact  meets  with  general  recognition  by  the  public, 
the  sooner  will  our  representatives  in  Congress  enact  a  general  law 
that  will  protect  our  water  supplies  from  pollution  for  all  time  to 
come.  That  such  a  law  would  be  cheerfully  obeyed  by  all  the  States 
I  have  no  doubt,  and  that  such  a  law  will  be  enacted  in  the  near 
future  I  am  equally  confident.  Toward  this  end  the  people  of  St. 
Louis  have  contributed  in  full  measure,  and  it  is  but  just  to  add 
that  the  beginnings  of  the  movement  that  will  finally  lead  to  Federal 
action  had  their  origin  in  the  Engineers'  Club  of  St.  Louis.  The 
leaven  here  prepared  has  raised  a  discussion  that  has  become 
national  in  its  scope.  This  agitation  has  led,  this  very  month,  to 
the  introduction  into  the  L^nited  States  Senate  by  a  Senator  from 
Missouri  of  a  bill  wdiich  is,  I  believe,  the  entering  w^edge  that  wall 
open  the  way  in  two  or  three  years  for  the  passage  of  a  general 
Federal  law  controlling  the  pollution  of  navigable  and  unnavigable 
waters  and  the  sanitary  disposal  of  sewage  and  wastes.  The  bill 
provides  for  the  expenditure  of  $10,000,  under  the  direction  of  the 
Surgeon-General  of  the  United  States  x-Vrmy.  to  investigate  the 
pollution  of  streams.  I  believe  that  the  bill  will  pass;  tliat  in  due 
time  a  report  of  such  investigations  will  be  made  to  Congress ;  that 
the  results  obtained  will  be  found  of  such  practical  value  that  addi- 
tional and  larger  appropriations  for  c(Mitinuing  the  investigations 
will  be  made,  and  that,  when  final  results  and  reports  are  made,  the 
showing  as  to  the  great  necessity  of  Federal  action  will  be  so  con- 
clusive that  the  outcome  will  be  the  appointment  of  a  joint  sanitary 
commission  from  both  branches  of  Congress  to  prepare  and  report 
for  approval  a  general  law  to  prevent  the  future  contamination  of 
water  supplies.  St.  Louisans  may  then  be  justified  in  a  feeling  of 
pride  in  their  eiTorts  in  helping  along  the  good  cause ;  but  in  our 
time  of  elation  we  must  not  forget  that  our  efforts  came  in  part 
from  necessity,  not  from  inherent  virtue;  that,  had  the  conditions 
been  reversed,  we  might  have  been  just  as  apathetic  as  our  neigh- 
bors. But  I  am  again  dealing  in  futures.  We  have  no  Federal 
law,  and  we  are  drawing  our  water  from  a  sew^age-polluted  stream. 
Present  conditions  are  liad  enough,  but  we  are  menaced  with  a  con- 
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dition  of  things  that  ought  to  raise  our  ire  to  the  sticking  point. 
A  city  300  miles  away  is  preparing  to  transport  and  to  dump  into 
our  water  supply  at  our  very  front  door  the  refuse  and  filth  from 
two  millions  of  people.  Think  of  it  a  minute !  Conceive  of  it  as 
it  is;  you  cannot.  Visit  the  Bridgeport  sewage  pumping  works  in 
Chicago,  as  some  of  you  have  done,  and  you  will  know  that  I  do 
not  exaggerate  when  I  say  that  nowhere  upon  the  face  of  the  earth 
is  there  to  be  found  another  stream  as  deadly  foul  as  is  the  Chicago 
River.  Receiving  as  it  does  a  large  part  of  the  surface  washings 
and  the  discharge  of  most  of  the  sewage  of  a  dirty  city,  its  pollution 
is  still  further  augmented  by  the  refuse  from  the  largest  stock- 
yards and  slaughterhouses  in  the  world.  I  wish  I  could  cause  the 
inhabitants  of  St.  Louis  to  march  in  single  file  past  the  sea  of  nasti- 
ness  pumped  from  the  Chicago  River  at  this  point,  a  sea  which  flows 
away  in  a  channel  called  the  "Illinois  and  Michigan  Canal,"  but 
which  is,  in  fact,  nothing  but  a  good-sized  river  filled  with  the 
filthiest  filth  that  ever  flowed  forth  to  join  a  stream  from  which 
other  cities  do  and  must  take  their  water  supplies.  With  such  an 
object  lesson  there  need  be  no  sermons,  no  public  agitation  to  arouse 
the  people  of  this  city  to  the  danger  that  threatens  them.  Rather 
would  it  require  cool  heads  to  restrain  them  from  doing  violence  to 
the  "sewage  ditch."  After  seeing  Bridgeport  and  following  for 
miles  the  swiftly-flowing  stream  of  filth,  no  sophistry  could  ever 
induce  the  most  ignorant  citizen  to  believe  for  one  moment  that  ten 
times  the  proposed  amount  of  dilution  from  Lake  Michigan  could 
ever  render  this  mixture  fit  for  human  throats.  Neither  could  he  be 
made  to  believe  that  sedimentation  takes  away  from  the  mass  all  that 
is  injurious  to  health.  He  has  followed  that  stream,  has  seen  the 
much-mooted  sedimentation  and  knows  of  his  own  knowledge  that 
death  is  there. 

Yes,  sedimentation  does  take  place ;  thousands  of  tons  of  filth 
settle  annually  upon  the  sides  and  bottom  of  this  famous  ditch ; 
canal  boats  pass  over  it  and  help  to  liberate  the  gases  from  the 
putrifying  mass  ;  myriads  of  bacteria  find  their  birthplace  there,  and 
are  borne  along  upon  its  dark  bosom  to  the  Mississippi  River. 
Some  of  them,  Dr.  Ravold*  says,  find  their  way  into  the  intake  of 
our  water  works.  Is  there  a  man  here  who  does  not  believe  Dr. 
Ravold  is  right?  Once  in  the  intake  there  is  no  way  to  escape ;  they 
are  distributed  under  45  pounds  pressure,  to  be  mixed  next  morn- 
ing with  our  porridge.  We  are  now  receiving  the  discharge  of 
such  a  death-dealing  stream.  If  the  legal  efforts  now  being  made 
by  our  city  officers  to  stop  this  pollution  are  not  successful,  we  shall 
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soon  be  deluged  with  anotlier  stream,  larger  and  still  more  danger- 
ous. It  will  bring  into  our  water  supply  a  contamination  and  pollu- 
tion never,  experienced  before.  It  will  sow  the  germs  of  disease 
and  death  broadcast  among  our  people.  The  stream  will  be  broad 
and  deep,  lined  with  festering  foulness  and  300  miles  long. 

As  engineers  and  as  citizens  let  us  be  alive  to  the  danger  that 
confronts  us.  Our  first  step  should  be  filtration.  What  do  we  lack 
to  secure  the  filtration  of  our  water  supply?  Can  you  answer  it? 
We  have  competent  engineers.  We  have  the  will.  We  have  the 
money.  What  more  is  lacking?  Power  is  lacking.  What  a  con- 
fession to  make.  We,  the  people,  lack  power  to  accomplish  our 
will.  Shame  upon  us.  But  we  have  that  reserve  force  within  us, 
latent  though  it  has  been,  that  is  all  powerful.  Let  us  exercise  it. 
Let  us  send  to  eternal  oblivion  those  who  seek  office  solely  for 
private  gain ;  those  who  regularly  defeat  every  measure  for  the 
public  good.  Let  us  make  it  our  business  to  put  men  in  our 
municipal  assembly  who  work  for,  and  not  against,  the  interests  of 
St.  Louis.  It  is  there,  and  there  only,  that  we  need  power.  Then 
let  us,  one  and  all,  work  to  secure  the  permanent  remedy,  not  ceas- 
ing our  efforts  until  wc  have  secured  the  enactment  of  a  general 
Federal  law  for  the  sanitary  disposal  of  sewage  and  the  prevention 
of  water  pollution. 
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[Read  before  tlic  Boston  Society  of  Civil  Engineers  November  15,  1899.*] 
Iron  may  be  protected  from  corrosion  in  several  ways.  First, 
by  imbedding-  it  in  concrete  or  cement.  This  material  is  strongly 
alkaline,  and,  as  alkalies  do  not  attack  iron,  the  iron  is  likely  to  be 
preserved  as  long  as  the  alkaline  quality  persists,  which  may  be 
for  years,  especially  if  in  a  dry  place;  but  cement  is  somewhat 
porous,  as  may  be  shown  by  the  fact  that  a  battery  cup  may  be 
made  of  it  as  a  substitute  for  the  ordinary  porous  earthenware  cup. 
It  is  also  well  known  that  there  is  a  German  cement-testing  machine, 
which  operates  by  determining  the  relative  porosity  of  similar  plates 
made  of  cements.  If,  then,  cement  or  concrete  is  used  under  water 
or  exposed  to  acid  gases,  which  will  attack  the  alkali  in  the  cement, 
its  porosity,  though  small,  may  lessen  the  duration  of  its  protective 
effect.  If,  as  a  second  method,  we  use  a  non-porous  and  insoluble 
Cement,  such  as  asphalt,  we  avoid  this  difficulty ;  but  this  method 
also  has  its  limitations.  For  example,  it  cannot  be  used  where  the 
material  may  be  subjected  to  heat,  as  the  asphalt  will  melt;  and, 
since  asphalt  is  a  viscous  substance,  it  will  not  support  itself,  but 
will  run  off,  or  may  be  forced  out  of  place  by  external  pressure. 
Again,  asphalt,  which  is  a  soft  and  flexible  substance,  owes  its 
pliability  to  some  mineral  oily  matter  which  it  contains,  and  in  prac- 
tice those  who  prepare  it  for  use  almost  always  add  to  it  some  heavy 
mineral  oil  to  increase  its  viscosity.  This  softening  ingredient, 
though  apparently  insoluble  and  non-volatile,  is  only  relatively  so, 
and  when  it  is  gone  the  remainder  of  the  asphalt  is  left  as  a  brittle, 
crumbly  substance  of  no  value  for  the  purpose  for  which  it  is  used. 
We  should,  therefore,  use  a  layer  of  asphalt  of  considerable  thick- 
ness, and  the  ingredients  should  be  selected  and  mixed  by  some 
one  having  proper  knowledge  of  the  subject.  Except  in  very  dry 
situations,  and  where  the  air  has  very  little  access,  it  should  not  be 
relied  on  for  permanent  protection ;  but  there  are  many  cases,  such 
as  those  of  bridge  floors,  where  it  may  be  the  best  thing  available. 

Both  these  classes  of  cements  are,  therefore,  to  be  used  only  in 
special  cases ;  and  for  nearly  all  such  purposes  we  are  obliged  to  use 
stich  coatings  as  are  commonlv  classed  together  as  paints,  meaning 
thereby  a  sulxstance  as  little  aft'ected  as  may  be  by  air  or  water,  and 
which  may  be  spread  in  a  thin  film  over  the  surface  of  the  metal. 
Such  a  film  should  he  as  nearly  continuous  or  non-porous  as  possi- 
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I)lc,  and  its  value  for  the  purpose  depends  on  its  retaining  a  non- 
porous  condition  for  a  long"  time.  For  example,  a  piece  of  metal 
may  be  coated  by  dipping-  it  in  melted  asphalt  at  such  heat  as  to 
secure  a  thin  film.  This  lihn  will  l)e  highly  non-porous,  and  will 
resist  severe  acid  and  alkali  tests;  hut  after  a  brief  exposure  to  the 
air  it  will  be  decomposed,  and  will  then  afford  no  protection,  while 
a  tilm  of  other  material,  inferior  to  it  in  the  beginning,  may  retain 
its  original  degree  of  continuity  for  years  and  be  a  valuable  coating. 

Ordinary  oil  paints  consist  of  linseed  oil,  sometimes  more  or 
less  adulterated,  mixed  by  grinding  with  a  pigment,  which  latter  is 
usually  a  mineral  substance  reduced  to  a  fine  powder.  The  ol)ject 
of  using  a  pigment,  aside  from  its  color,  is  threefold  : 

First.  It  hardens  the  film,  which  will  thus  better  resist 
abrasion. 

Scco)id.  It  makes  it  possible  to  apply  a  thicker  film,  which 
also  wears  longer. 

Third.  The  particles  of  pigment  tend  to  fill  up  the  pores 
which  are  naturally  present  in  the  oil  fihu,  and  thus  the  porosity  is 
reduced. 

The  pigments  used  for  preservative  paints  are  few  in  numl)er 
as  compared  with  those  used  in  house  or  other  decorative  painting. 
They  may  be  described  briefly  as  follows : 

I  J' /life  Lead.  This  is  a  mixture  of  lead  hydrate  and  carbonate. 
and  is  sometimes  sold  as  a  dry  pigment :  but  more  frequently  as 
paste  white  lead,  which  is  nine  parts  dry  pigment  ground  with  one 
part  by  weight  of  raw  linseed  oil.  This  may  be  made  into  a  paint 
by  thinning  it  with  oil.  and  usually  a  little  turpentine  is  also  added. 
The  object  of  the  latter  is  not  to  cheapen  it  (indeed,  at  the  present 
time  turpentine  is  worth  luore  than  oil),  but  to  make  it  work  more 
freely  under  the  brush  and  to  increase  the  proportion  of  pigment  in 
the  film.  This  is  a  matter  which  it  is  very  easy  to  overdo,  and  if 
too  much  turpentine  is  added  there  will  not  be  enough  oil  to  act  as 
cementing  material  for  the  pigment,  which  will  then  be  easily 
removed.  White  lead  is  especially  liable  to  suffer  in  this  way,  since 
it  normally  takes  less  oil  than  any  other  pigment,  and,  moreover, 
it  seems  to  have  a  natural  tendency  to  combine  with  the  oil.  This 
combination  causes  the  oil  to  lose  its  coherence,  and  then  the  sur- 
face of  the  paint  easily  rubs  off.  As  painters  say,  it  chalks.  No 
(loul)t  a  great  deal  of  the  bad  name  of  white  lead  is  due  to  this 
excessive  and  improper  use  of  turpentine,  which  is  liked  by  the 
painter  also  l)ecause  it  makes  the  pamt  much  whiter  than  it  is  when 
oil  is  used,  and  because  it  dries  rapidly,  owing  to  the  volatility  of 
the  turpentine. 
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White  Zinc  is  an  oxide  of  zinc,  white  in  color,  and  it  requires 
more  oil  than  white  lead.  It  is  less  opaque ;  its  opacity  or  covering 
capacity  is  usually  estimated  as  three-fifths  that  of  white  lead. 
Paint  made  wath  it  does  not  readily  brush  off  as  a  powder,  but  some- 
times seems  to  come  off  in  flakes.  Painters  say  it  peels  or  scales. 
It  is  commonly  used  mixed  with  white  lead,  and  the  mixture  seems 
to  be  better  than  either  substance  alone.  Paints  made  with  these 
pigments  are  frequently,  perhaps  it  may  be  said  commonly,  adulter- 
ated with  other  white  powdered  substances,  such  as  kaolin  and 
barytes,  which  are  not  particularly  harmful,  and  whiting  or  car- 
bonate of  lime,  which  is  actively  injurious.  While  dry  these  sub- 
stances appear  white,  but  when  mixed  with  oil  they  seem  to  be 
transparent.  They  are  without  value  as  pigments,  and  must  be 
regarded  as  adulterants.  White  lead  and  white  zinc  are  practically 
the  only  white  pigments,  and  must  form  the  basis  of  all  light-colored 
paints.  Other  light  colors  are  made  by  adding  some  tinting  mate- 
rial to  them.  The  principal  yellow  color  is  chromate  of  lead,  or 
chrome  yellow.  This  is  a  very  brilliant  color,  rather  deep  in  shade, 
and  the  pale  shades  are  made  by  adding  white  lead.  Chrome  green 
is  a  mixture  of  chrome  yellow  and  Prussian  blue,  and  is  the  only 
green  pigment  in  common  use.  Prussian  blue  is  a  ferrocyanide  of 
iron,  dark  blue  in  color.  The  common  light  blue  pigment  is  ultra- 
marine blue,  an  artificial  product  of  complex  constitution,  the  exact 
composition  and  preparation  of  which  is  a  secret.  The  yellows, 
greens  and  blues  are  not  much  used  in  paints  for  structural  work, 
but  this  is  not  the  case  with  red  pigments,  the  most  important  of 
which  are  the  oxides  of  iron.  For  this  purpose  the  sesquioxide, 
which  is  known  in  mineralogy  as  hematite,  and  the  hydrated  ses- 
quioxide, or  limonite,  are  used.  Usually  the  two  are  mixed  to- 
gether in  various  proportions,  the  pigment  being  produced  by  grind- 
ing a  natural  oxide  rock,  which  commonly  contains  from  lo  to  60 
per  cent,  of  other  mineral  matter,  commonly  silicates.  The  color 
of  these  oxides  varies  from  bright  red  to  dark  brown,  the  bright 
shades  commonly  containing  most  hydrated  oxide  and  the  brown 
(rarely  dark  purple)  shades  being  chiefly  anhydrous;  oxides  of  a 
bright  purple  or  maroon  tint  are,  however,  hydrated.  It  is  com- 
monly believed  that  the  brown  or  dark  red  shades,  that  is,  the  anhy- 
drous oxides,  are  more  durable  than  the  others.  Some  of  these 
oxides  are  of  artificial  origin,  such  as  Venetian  red,  which  is  a  by- 
product, originally  containing  some  sulphuric  acid,  to  neutralize 
which  it  has  been  saturated  with  lime ;  and  in  consequence  the 
finished  pigment  contains  a  large  percentage  of  sulphate  of  lime, 
which  cannot  be  regarded  as  a  desirable  ingredient.  A  knowledge 
of  the  chemical  constituents  of  an  oxide  pigment  is  therefore  desir- 


PAINTS  AND  VARNISHES.  149 

able.  A  considerable  proportion  of  silica,  or  of  highly  acid  silicates, 
is  probably  not  objectionable,  especially  if  the  product  is  nearly 
anhydrous;  but  if  there  is  ground  for  believing  that  the  silicates 
themselves  are  hydrated,  they  are  simply  clay,  which  is  objection- 
able; and  if  any  lime-salts,  soluble  in  water  or  acid,  are  present  the 
material  is  not  suited  for  the  purpose.  Oxide  pigments  are  par- 
ticularly open  to  the  criticism  of  being,  in  many  cases,  not  finely 
ground,  a  most  serious  objection.  Any  good  paint  should  be  so 
fine  that  it  feels  smooth  and  even  when  rubbed  on  glass  or  porcelain 
with  a  palette  knife.  The  importance  of  fine  grinding  is  not  likely 
to  be  overestimated.  Ochres,  umber  and  sienna  are  also  classed 
with  the  iron  oxide  pigments,  and  usually  contain  a  little  manganese, 
which  increases  the  drying  qualities  of  the  oil.  They  also  contain 
various  earthy  coloring  matters.  The  ochres  are  yellow  in  color, 
and  the  iron  oxide  in  them  is  hydrated.  They  are  often  used  in 
conjunction  with  white  lead  or  zinc.  Carbon,  in  one  form  or  an- 
other, is  the  base  of  all  the  black  pigments.  By  far  the  most  com- 
mon of  these,  as  used  in  structural  paints,  is  graphite.  Other  black 
pigments  are  lamp  black  (includmg  carbon  black)  and  bone  black, 
the  former  being  produced  in  many  grades,  varying  in  price  from 
3  or  4  cents  to  60  cents  per  pound.  Bone  black,  which  is  refuse 
from  the  sugar-house  black,  varies  in  the  percentage  of  carbon  con- 
tained, which  is  usually  about  10  or  12  per  cent.,  the  remainder 
being  the  mineral  matter  originally  present  in  the  bone  and  con- 
taining 3  or  4  per  cent,  of  carbonate,  while  most  of  the  remainder 
is  phosphate  of  lime.  Lamp  black  is  an  absolutely  impalpable 
powder  which  has  a  small  amount  of  oily  matter  in  it,  and  greatly 
retards  the  drying  of  the  oil  with  which  it  may  be  mixed.  For  this 
reason  it  is  not  used  by  itself,  but  is  added  in  small  quantity  to 
other  paints,  which  it  affects  by  changing  their  color  and  probably 
their  durability.  For  example,  it  is  a  common  practice  to  add  it  to 
red  lead,  in  order  to  tone  down  its  brilliant  color  and  also  to  correct 
the  tendency  it  has  to  turn  white,  due  to  the  conversion  of  the  red 
oxide  of  lead  into  the  carbonate. 

There  yet  remains  to  be  described  one  other  important  pigment, 
— red  lead.  This  is  entitled  to  be  placed  in  a  class  by  itself,  because 
it  is  intermediate  between  the  paints  which  it  resembles  in  being 
used  mixed  with  oil,  and  the  cements,  which  it  resembles  in  its 
process  of  solidification.  It  is,  in  fact,  a  powerfully  basic  substance, 
and  combines  chemically  with  the  oil,  forming  an  insoluble,  hard, 
tenacious  mass,  in  which  the  uncombined  particles  of  the  excess  of 
lead  oxide  are  imprisoned.  This  is  what  constitutes  the  protective 
film  when  a  red  lead  paint  is  dry.     Red  load  is  said  by  chemists  to 
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be  a  mixture  of  the  peroxide  and  the  protoxide  of  lead,  the  latter 
ingredient  being  the  substance  known  as  litharge.  The  peroxide 
is  believed  to  be  the  characteristic  ingredient.  Red  lead  is  made  by 
a  fire  process  in  a  suitably  constructed  furnace,  and  furnaces  of 
different  construction,  or  even  of  the  same  plan  but  of  different 
dimensions,  are  said  to  give  different  products.  At  all  events,  it  is 
well  known  that  commercially  pure  red  lead,  composed  of  nothing 
but  lead  and  oxygen,  contains  the  peroxide  in  proportions  ranging 
from  45  to  90  per  cent.  The  correct  proportions  of  peroxide  and 
protoxide  for  making  the  best  protective  film  are  not  known. 
Doubtless  much  of  the  imcertainty  attaching  to  the  use  of  red  lead 
is  due  to  this. 

Linseed  oil,  made  from  flaxseed,  is  the  liquid  part  of  ordinary 
oil  paints.  It  is  sometimes  obtained  by  treating  the  seed  with 
naphtha,  thus  dissolving  out  the  oil,  which  is  separated  by  distilling 
off  the  solvent  for  use  again.  Comparatively  little  oil  is  made  in 
this  way,  most  of  it  being  made  by  extraction  under  pressure.  The 
seed  is  coarsely  ground,  is  then  heated,  sometimes  by  running  a  jet 
of  live  steam  into  the  meal,  sometimes  by  putting  the  meal  into  a 
steam-heated  vessel ;  it  is  then,  by  a  machine,  put  into  bags  and 
pressed  enough  to  make  it  take  a  suitable  form,  after  which  these 
bags  are  put  into  a  powerful  press  and  the  oil  is  squeezed  out. 
Moisture  and  other  matters  are  of  course  mixed  with  the  oil,  and 
these  are  separated  by  allowing  it  to  settle ;  it  is  at  last  filtered. 
This  process  of  purification  takes  from  one  to  three  months,  but 
even  after  this  the  oil  improves  for  a  long  time  by  standing,  during 
which  some  foreign  matters  separate  and  settle  out.  If  the  oil  is 
at  all  cloudy  at  ordinary  temperatures  it  is  a  sign  of  not  being 
sufiiciently  aged.  Linseed  oil  possesses,  in  a  higher  degree  than 
any  other  oil,  the  property  of  thickening  rapidly  on  exposure  to  the 
air.  This  is  not  due  to  evaporation,  but  the  contrary ;  it  absorbs 
and  combines  with  oxygen  from  the  air,  and  thus  actually  increases 
in  weight,  though  it  decreases  in  bulk.  A  paint  made  wnth  raw 
linseed  oil  alone  will  dry  so  that  it  may  be  handled  in  five  or  six 
days,  l:)ut,  as  this  is  a  long  time,  it  is  thought  necessary  to  treat  the 
oil  so  that  it  may  dry  more  quickly ;  that  is,  may  absorb  oxygen 
more  rapidly.  Oil  so  treated  is  called  "boiled  oil."  It  used  to  be 
made  by  heating  the  oil  over  a  direct  fire  in  a  kettle,  and  with  this 
oil  is  mixed,  by  constant  stirring,  i  to  3  per  cent,  of  oxide  of  lead, 
either  litharge  or  red  lead,  or  both,  and  a  small  proportion  of  oxide 
of  manganese.  When  the  oil  reaches  a  temperature  of  about  500° 
F.  it  dissolves  these  metallic  oxides,  entering  into  chemical  combi- 
nation with  them ;  and,  as  these  have  a  great  attraction  for  oxygen, 
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the  rosulliiig  oil,  wliicli  is  much  darker  in  color  than  it  was,  has 
also  greatly  increased  drying  powers,  and  paint  made  with  it  will 
dry  in  twenty-four  hours.  The  dark  color  is  due  partly  to  the 
combined  metallic  substances  and  partly  to  heating-  the  oil  for  a 
long  time.  It  is  believed  that  much  more  oil  is  present  than  can 
possibly  combine  with  the  small  amount  of  metallic  oxides,  and  that 
the  product  is  therefore  composed  of  a  small  portion  of  oil  com- 
bined with  the  lead  and  manganese,  dissolved  in  a  large  portion  of 
t)il,  which  is  unchanged  except  that  it  has  been  darkened  by  heat. 
It  has,  therefore,  become  the  custom  of  oil  manufacturers  to  cook 
only  a  small  portion  of  oil  with  the  lead  and  manganese,  and  after 
these  are  dissolved  they  stir  the  product  into  a  large  quantity  of 
raw  oil  at  a  heat  about  tliat  of  boiling  water.  The  boiled  oil  thus 
made  is  much  paler  in  color  tlian  tliat  made  in  the  old  way,  and  is 
said  to  be  quite  as  good  in  every  respect.  It  probably  is  fullv  as 
good,  and  very  likely  better,  being  more  nearly  uniform.  But  oil 
made  in  this  way  varies  according  to  the  amount  of  oxides  used, 
the  proportionate  parts  of  lead  and  manganese  and  the  heat 
employed,  so  that  boiled  oil  from  different  makers  is  always  dif- 
ferent, varying  much  more  than  raw  oil  does. 

The  foregoing  method  is  the  one  used  by  the  large  manufac- 
turers, but  the  smaller  ones  frequently,  perhaps  it  may  be  said  com- 
monly, buy  tlieir  oxides  of  lead  and  manganese  already  combined 
with  just  enough  oil  to  make  a  compound;  about  four  pounds  of 
oxide  of  lead  will  combine  with  a  gallon  of  oil,  but  the  product  in 
this  case  will  be  a  solid  cake.  In  order  to  liquefy  this  it  is  common 
to  dissolve  it  in  alx)ut  two  and  a  half  gallons  of  turpentine  or  benzine 
(or  a  mixture  of  the  two),  and  this  solution,  which  is  a  good 
example  of  what  is  called  a  "drier,"  and  which  measures  less  than 
four  gallons,  contains  enough  metallic  compound  to  go  into  about 
fifty  gallons  of  oil,  which  is  the  contents  of  a  barrel.  So  the  small 
manufacturer  or  dealer  opens  a  barrel  of  raw  oil,  takes  out  four  or 
five  gallons,  fills  it  up  with  this  drier,  which  he  has  purchased  from 
some  one  who  makes  a  specialty  of  it,  closes  the  barrel  and,  after 
rolling  it  about  a  little  to  mix  it,  sells  it  for  boiled  oil.  Such  oil 
is  said  to  be  boiled  through  the  bunghole,  and  is  spoken  of  dis- 
respectfully by  the  large  manufacturers ;  but  those  who  follow  this 
practice  claim  that  such  oil  is  in  every  way  equal  to  that  made  in  a 
kettle,  while  it  is  much  paler  in  color.  It  is  to  be  observed  that 
the  turpentine  or  benzine  employed  is  volatile,  and  to  the  extent  to 
which  it  is  used  "extends"  the  oil.  Benzine  is  much  cheaper  than 
oil,  but  turpentine  is  not.  A  still  further  step  consists  in  the  sub- 
stitution bv  the  makers  of  driers  of  rosin  or  rosin  oil  for  linseed  oil. 
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These  are  found  to  combine  with  the  lead  and  manganese  oxides 
even  more  readily  than  Hnseed  oil  does,  and  they  cost  only  from  a 
tenth  to  a  fifth  as  much.  Driers  made  with  rosin  and  benzine  are 
much  less  expensive  than  oil.  The  temptation  is  to  add  them  in 
excessive  quantity,  and  this  is  not  uncommonly  done.  Such  a  prac- 
tice is  highly  injurious,  partly  because  oil  thus  diluted  makes  a 
thinner  and  less  substantial  film,  partly  because  an  excessive 
amount  of  driers  makes  the  film  much  less  durable  and  partly  be- 
cause it  is  generally  agreed  by  experts  that  rosin  is  an  injurious 
addition  to  oil.  From  a  consideration  of  the  foregoing  it  will 
appear  that,  while  raw  oil  is  a  definite  substance,  boiled  oil  is  a  name 
applied  to  a  large  variety  of  manufactured  products.  It  is  also 
possible  to  make  boiled  oil  from  fish  oil  or  other  cheap  oils,  and 
these  are  not  infrequently  used  to  adulterate  boiled  linseed  oil. 
Heavy  mineral  oil,  such  as  may  be  purchased  at  one-fourth  to  one- 
half  the  price  of  linseed  oil,  is  also  used  in  this. way.  These  latter 
practices  of  systematic  adulteration  are  especially  followed  by  the 
manufacturers  of  paints.  They  take  the  ground  that  the  users  of 
paint  ought  to  pay  a  fair  and  legitimate  price  for  linseed  oil  paints, 
and  that  if  they  prefer  to  purchase  at  a  lower  price  it  is  the  business 
of  the  paint  manufacturer  to  make,  at  a  reasonable  profit,  a  paint 
which  meets  their  requirements.  It  requires  a  tedious  and  expen- 
sive chemical  analysis  to  detect  these  adulterations  in  mixed  paint, 
and  those  who  try  to  economize  by  buying  paint  below  its  market 
value  are  not  likely  to  resort  to  such  means. 

The  oil,  variously  compounded  or  mixed  with  these  driers  and 
solvents,  is  mixed  with  the  finely-powdered  pigment  in  a  mixer, 
which  is  usually  a  cylindrical  vessel  provided  with  a  revolving 
stirrer.  The  pigment  has  previously  been  ground  dry  to  such  a 
degree  of  fineness  that  most  of  it  will  pass  through  a  sieve  having  a 
mesh  of  loo  to  200  to  the  linear  inch.  Usually  it  is  not  actually 
bolted,  but  that  is  about  the  degree  of  fineness  which  is  desirable. 
The  sharper  and  harder  substances  should  be  the  more  finely  pow- 
dered. It  is  common  to  put  the  paint  thus  mixed  on  the  market  in 
this  condition  as  it  comes  from  the  mixer,  but  the  more  approved 
practice  is  to  take  it  from  the  mixer  to  a  burr-stone  mill  and  to 
grind  the  paint  through  the  mill,  thus  securing  a  more  intimate 
mixture  and  breaking  up  all  little  lumps.  This  grinding  adds 
materially  to  the  cost  of  the  paint,  and  it  is  probably  not  commonly 
done  with  cheap  paints  intended  for  structural  metal,  since  it  is 
impracticable  for  an  expert  to  take  a  well-mixed  sample  of  paint 
and  to  declare,  under  oath,  that  it  has  not  been  ground. 

What  is  meant  commercially  by  a  pure  raw  oil  paint  is  made  by 


PAINTS  AND  VARNISHES.  153 

mixing  or  grinding  a  pigment  in  i)uro  raw  linseed  oil  to  which  has 
been  added  enougii  drier  to  make  it  dry  hard  enough  to  handle  in 
twenty-four  hours,  and  containing  enough  turpentine  to  amount  to 
from  5  to  15  per  cent,  of  the  oil.  This  turpentine  is  added  in  order 
to  make  the  paint  work  more  freely  under  the  brush,  and  also 
because  it  is  the  belief  of  the  paintmaker  that  it  is  impracticable  to 
otherwise  add  as  much  pigment  to  the  given  amount  of  oil  as  is 
necessary  for  the  greatest  durability  of  the  product.  It  is  by 
diluting  the  oil  and  lessening  its  amount  in  the  film  that  turpentine 
acts  as  a  drier.  It  does  not  itself  promote  in  any  great  degree  the 
oxidation  of  the  oil,  but  by  lessening  the  amount  of  oil  it  corre- 
spondingly lessens  the  need  of  metallic  oxide  driers.  Turpentine  is 
added  for  technical  purposes,  not  for  economy,  and  it  is  often  more 
expensive  than  oil.  On  the  other  hand,  the  use  of  benzine  is  always 
dictated  by  a  desire  to  save  money.  In  other  respects  it  is  objec- 
tionable. Kerosene  has  also  been  very  widely  used  as  a  substitute 
for  turpentine,  but  does  not  enter  into  any  first-class  products. 

Varnishes.  Linseed  oil  is  also  used  in  the  manufacture  of 
varnishes,  which  are  used  as  protective  coatings,  either  alone  or 
mixed  with  pigment.  The  other  ingredients  of  varnishes  are  vari- 
ous resins,  which  give  hardness  and  luster,  and  turpentine,  which 
again  acts  as  a  solvent  and  is  not  in  any  considerable  degree  a  part 
of  the  final  permanent  film,  though  it  does  oxidize  somewhat,  and 
doubtless  a  small  part  of  it  remains  behind  while  the  major  portion 
evaporates.  The  varnish  resins  are  of  vegetable  origin,  having 
exuded,  as  spruce  gum  does,  from  the  trunks  of  trees ;  and  in  some 
few  cases  these  lumps  of  resin  are  detached  from  the  living  tree 
and  sold  for  use.  Such  are  called  "recent"  resins,  and  the  most 
common  one  is  what  is  called  "manila,"  and  comes  from  the  East 
Indies.  More  often  the  resins  are  not  suitable  for  the  varnish- 
maker  until  they  have  acquired  considerable  age.  The  tree  to 
which  the  lumps  of  resin  are  attached  died  and  fell  to  the  ground 
and  decayed ;  the  resin  became  gradually  buried  in  the  earth ;  its 
volatile  part  escaped ;  it  became  hard  and  brittle.  In  this  state  it  is 
found  by  the  natives,  who  dig  it  up  and  sell  it  to  the  local  trader, 
and  it  becomes  an  article  of  merchandise.  Such  are  called  "fossil 
resins;"  they  are  of  many  sorts,  and  are  found  at  many  places, 
especially  in  the  tropics.  Africa,  South  America  and  especially 
New  Zealand  are  great  sources  of  supply.  These  varnish  resins 
are  commercially  spoken  of  as  gums,  but  differ  from  true  gums, 
such  as  gum  arable,  in  being  insoluble  in  water.  These  pieces  of 
resin  are  carefully  cleaned,  by  scraping  and  otherwise,  and  sorted ; 
the  paler  sorts  are  more  valuable  than  the  darker ;  not  because  they 
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are  otherwise  better,  but  because  they  are  less  common,  and  people 
value  pale  varnishes  more  than  equally  good  dark  ones.  The 
varnish-maker  puts  a  quantity  of  this  resin,  usually  loo  pounds, 
into-  a  flat-bottomed  copper  kettle  capable  of  holding  about  150 
gallons  which  is  mounted  on  a  little  iron  truck,  and  this  kettle  is 
placed  over  a  hot  coke  fire.  In  about  half  an  hour  the  resin  has 
melted,  the  temperature  being  from  600°  to  900°  F.,  and  is  found 
to  have  lost  from  20  to  25  per  cent,  of  its  weight,  which  has  gone 
off  as  a  vapor.  In  reality,  the  resin  has  become  decomposed  by  the 
intense  heat,  and  what  remains  in  the  kettle  is  one  of  the  products 
of  this  decomposition.  Immediately  the  varnish-maker  takes  the 
kettle  from  the  fire  and  adds  to  it  some  hot  linseed  oil,  the  quantity 
varying  from  about  30  pounds  to  sometimes  as  much  as  300  pounds. 
The  oil  having  been  slowly  added  and  well  stirred  in,  the  kettle  is 
returned  to  the  fire,  and  its  contents  are  cooked  together  until 
combination  is  effected.  If  it  is  desired  to  produce  a  hard  varnish, 
with  a  very  brilliant  surface,  a  comparatively  small  amount  of  oil 
is  used ;  but  if  the  varnish  is  to  be  highly  elastic  and  durable  a  large 
proportion  of  oil  is  necessary  Since  one  of  the  most  essential  quali- 
ties of  a  varnish  for  any  ordinary  use  is  a  high  degree  of  luster, 
while  durability  is  of  less  account,  because  most  varnishes  wear  off 
by  use  of  the  articles  to  which  they  are  attached,  it  will  be  plain  that 
for  the  preservation  of  strvictural  metal  work  against  corrosion  an 
entirely  different  kind  of  varnish  from  those  in  ordinary  use  is 
required. 

When  the  resinous  matter  and  the  oil  are  properly  combined, 
which  may  take  many  hours,  the  kettle  is  removed  from  the  fire  and 
allowed  to  cool  somewhat,  and  the  contents  are  then  diluted  by  the 
addition  of  an  amount,  previously  found  to  be  suitable,  of  spirit  of 
turpentine,  so  that  when  cold  the  varnish  will  flow  properly  under 
the  brush.  Varnish  is  much  more  viscid  than  oil,  and  it  is  there- 
fore possible  to  apply  it  in  a  thicker  film.  It  is  much  harder  than 
oil,  and  therefore  resists  abrasion  ;  and  it  is  much  less  porous  than 
oil.  It  therefore  naturally  has  by  itself  in  some  degree  the  qualities 
vv^hich  we  aim  to  give  to  oil  by  the  introduction  of  pigments ;  and 
if  it  be  so  made  and  proportioned  that  it  does  not  contain  in  itself 
the  elements  of  dissociation,  there  can  be  no  question  that  it  is  more 
valuable  than  an  oil  paint.  As  a  matter  of  fact,  it  has  for  genera- 
tions been  used  over  paint  to  protect  it  from  the  weather,  and  no 
fact  is  better  established  than  the  permanence  of  a  well-made 
varnish.  The  question  naturally  arises,  why  may  we  not  still 
further  increase  this  permanence,  as  we  do  in  the  case  of  an  oil 
film,  by  the  addition  of  a  pigment  ?     If  the  latter  works  so  well  with 
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oil,  why  may  it  not  with  varnish?  The  fact  is  that  pigments  do  in- 
crease the  durabihty  of  varnishes  for  the  same  reasons  and  in  the 
same  degree  that  they  benefit  oil  films,  and  by  far  the  most  perma- 
nent paints  which  it  is  possible  to  make  are  made  in  this  way. 
These  will  not,  of  course,  be  as  brilliant  and  lustrous  as  the  var- 
nishes alone,  the  pigment  havmg  an  opposite  effect,  but  will  be  far 
more  so  than  an  oil  paint,  and  will  be  smoother  and  harder ;  while 
if  properly  made,  they  will  remain  sufficiently  elastic.  Varnishes 
are  sometimes  observed  to  crack  and  to  come  off  bodily,  instead  of 
wearing  oft"  from  the  surface.  This  is  the  worst  fault  a  varnish 
can  have,  and  is  due  to  its  being  made  of  unsuitable  materials  or  in 
an  unskillful  way.  Any  considerable  amount  of  common  rosin  in 
a  varnish  will  cause  this,  and  it  may  also  be  due  to  other  causes.  A 
good  varnish,  used  for  the  purpose  for  which  it  was  designed,  will 
not  do  it.  The  commonest  adulterant  of  varnish  is  rosin,  which 
may  itself  be  made  into  a  varnish  and  mixed  in  any  proportion. 
A  well-made  rosin  varnish  has  a  very  brilliant  surface,  and  works 
fairly  well  under  the  brush,  but  a  comparatively  small  amount  of 
rosin  will  simply  destroy  the  durability  of  the  best  varnish. 

The  objection  to  the  use  of  varnish  paints  is  their  cost.  From 
the  nature  of  things,  varnish  is  much  more  expensive  than  oil. 
When  one  puts  so  valuable  a  material  as  a  good  varnish  into  a 
paint  he  naturally  will  insist  on  putting  it  through  a  mill,  and  when 
we  compare  the  cost  of  it  with  that  of  an  oil  paint  run  through  a 
mixer  there  will  be  a  striking  difference.  Suppose  it  costs  twice  as 
much.  This  would  probably  be  a  minimum.  The  minimum  cost 
of  applying  any  paint  will  be  as  much  as  the  price  of  the  oil  paint. 
Then,  when  the  two  are  applied,  they  have  cost  in  the  proportion  of 
two  to  three.  If  the  varnish  paint  will  last  fifty  per  cent,  longer 
than  the  oil  paint,  it  will  then  be  as  economical.  It  is  the  opinion 
of  the  writer  that  it  has  been  proved  by  actual  use  to  be  more  than 
100,  and  in  many  cases  300,  per  cent,  more  lasting. 

Varnishes  are  also  made  which  contain  asphaltum,  which  is  a. 
mineral  resin,  instead  of  the  vegetable  resins  already  described. 
These  are,  of  course,  black,  and  they  may  be  made  with  part  vege- 
table resins  and  part  asphaltum  if  so  desired.  The  objection  to 
asphaltum  is  that  when  used  with  any  considerable  proportion  of 
hnseed  oil  its  remarkable  non-drying  qualities  make  it  difficult  of 
use.  Its  advantage  is  its  cheapness  and  also  its  wonderful  perma- 
nence. When  properly  combined,  however,  it  is  a  most  valuable 
material.  The  simplest  way  to  overcome  its  effect  of  preventing 
the  oxidation  of  oil  is  to  subject  the  varnished  object  to  the  action 
of  hot  air.     The  activity  of  the  oxygen   is  thus  enormously  in- 
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creased,  and  oxidation  proceeds  in  spite  of  all  obstacles.  This  is 
the  process  known  as  japanning  or  enameling,  and  it  has  the  further 
advantage  that  the  adhesion  of  the  coating  to  the  metal  is  much 
increased,  while  at  the  same  time  the  porosity  of  the  coating  is 
reduced  almost  tO'  nothing.  This  is  because  the  coating  material 
is  kept  in  a  melted  or  semi-fluid  condition  while  the  oxidation  is 
going  on,  and  the  pores  are  destroyed  or  closed  by  the  flowing  of  the 
material  itself. 

The  way  this  is  done  is  by  coating  the  object,  usually  by  dip- 
ping it  in  the  varnish.  Then  it  is  put  in  an  oven  and  baked  at  a 
temperature  of  from  200°  to  400°  F.  for  several  hours.  Sometimes 
several  coats  are  thus  applied  in  succession.  Varnish  paints  are 
sometimes  applied  in  this  w'ay,  making  colored  enamels  of  great 
beauty  and  durability.  But  it  is  possible  to  use  asphaltum  in 
varnishes  which  will  dry  at  ordinary  temperatures.  This  is  most 
commonly  done  by  using  very  little  oil ;  also  by  a  large  amount  of 
driers,  but  better  by  mixing  a  varnish  of  asphaltum  with  one  made 
of  other  resins.  It  is  also  possible  to  make  a  varnish  containing  a 
considerable  amount  of  asphaltum  which  will  dry  reasonably  well 
l)y  great  care  and  skill  in  its  falirication.  It  may  safely  be  said 
that  asphaltum  is  one  of  the  most  difficult  substances  to  use,  and 
that  while  excellent  results  are  obtainable,  they  are  more  difficult  to 
obtain  than  with  any  other  sulistance,  and  that  bad  results  are  very 
common. 

In  conclusion,  it  remains  to  be  observed  that  while  nothing  is 
here  said  of  the  importance  of  methods  to  be  employed  in  cleaning 
the  metallic  surface,  this  is  not  because  it  is  a  matter  of  minor  im- 
portance. (Jn  the  contrary,  it  is  of  so  great  importance  that  a 
separate  discussion  of  its  value  and  the  means  of  doing  it  would  be 
necessary,  and  this  paper  is  therefore  confined  to  an  accoimt  of  the 
materials  used.  The  comparative  value  of  these  is  difficult  to 
determine,  and  varies  in  dift'erent  cases ;  l)ut  in  general  the  writer 
has  been  led  to  the  conclusion  that  there  is  not  a  very  decided 
difference  between  dift'erent  pigments  in  their  value  for  the  preven- 
tion of  corrosion  ;  that  varnishes  and  varnish  paints,  when  made 
with  proper  knowledge  and  skill,  are  better  than  oil  paints ;  that 
these  latter  give  probably  better  average  results  than  red  lead,  but 
that,  when  the  best  possible  results  of  red  lead  are  attained,  it  is 
considerably  better  for  most  exposures  than  oil  paints,  and  that  the 
use  of  adulterated  materials,  either  through  ignorance  or  design,  is 
a  most  serious  and  common  evil.  This  is  rather  the  fault  of  the 
purchaser  than  of  the  maker.  If  the  former  would  not  buy,  the 
latter  would  not  make  the  inferor  article.     It  is  within  my  knowl- 


PAINTS  AXl)  \  AUXISIIKS.  157 

cds^c  tliat.  at  the  time  of  writinj;'  this,  steel  frame  l)iiil(hni;s  cosliui^ 
over  a  milhuii  dollars  are  beiiii;'  erected  on  which  red  lead  paint 
is  s{)ecified ;  the  paint  to  contain  15  pounds  of  red  lead  to  the 
gallon,  the  cost  of  materials  at  wholesale  being  about  $1.30.  The 
paint  actually  used,  and  guaranteed  to  pass  the  inspection,  costs  the 
painter  60  cents  per  gallon.  This  is  not  an  exceptional  case;  such 
things  are  going  on  constantly.  The  purchaser  or  his  agent  is  to 
blame,  and  it  is  a  valid  criticism  of  very  many  engineers  that  they 
are  willing  to  let  contracts  at  prices  which,  if  the  undertaking  were 
properly  carried  out,  Avould  entail  loss  to  the  contractor.  It  does 
not  pay  to  do  business  with  a  man  wdio  is  losing  money.  The  con- 
tractors are  the  men  who  build  these  great  engineering  structures. 
The  engineers  do  not  build  them,  nor  do  the  capitalists,  but  it  is  the 
men  who  do  the  actual  work  and  who  make  the  necessary  parts  and 
supplies:  and  they  are  entitled  to  fair  pay  for  their  labor  and  skill 
and  materials  supplied  ;  and  when  they  are  told  that  they  will  not  be 
paid  for  a  good  article,  they  will  be  likely  to  supply  an  inferior  one. 
Since  the  range  of  prices,  in  the  case  of  paints  for  structural  work, 
is  about  400  per  cent.,  it  is  natural  that  inferior  articles  should  be 
often  substituted  for  better  ones  in  this  line  if  thev  are  in  anv. 
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THE  EXGINEEKS'  CLUB  OF  ST.   LOUIS;  ITS  HISTORY 
AND  WORK.* 


By  William  H.   Bryan,  Member  Engineers'  Club  of  St.  Louis. f 


Shortly  after  the  close  of  the  Civil  War,  when  a  number  of 
engineers,  returning  from  army  duties,  had  settled  in  St.  Louis, 
there  was  a  feeling  that  something  should  be  done  in  the  direction 
of  associated  professional  effort.  This  feeling  resulted  in  the 
organization,  on  December  22,  1865,  of  the  "Polytechnischer 
Verein,"  with  Colonel  Henry  Flad  as  President  and  Geo.  P. 
Herthel,  Jr.,  as  Secretary,  both  of  whom  served  the  Engineers' 
Club  of  St.  Louis,  when  organized  four  years  later,  in  similar 
capacities.  The  "Verein"  was  open  to  all  scientific  and  technical 
men,  and  its  discussions  and  the  records  of  its  proceedings  were  in 
German.  A  member  absenting  himself  from  a  meeting  was  fined 
25  cents.  If  he  was  present  at  roll  call  and  then  left  the  fine  was 
50  cents.  A  Chairman  was  chosen  at  each  meeting,  but  the  Secre- 
tary and  Treasurer  were  elected  for  six-month  periods,  which  prac- 
tice was  also  followed  at  first  by  the  Engineers'  Club.  The  articles 
of  association  provided  that  should  the  "Verein"  disband  its  library 
was  to  be  turned  over  to  the  O'Fallon  Polytechnic  Institute. 
Among  the  subjects  discussed  were  cements,  strength  of  material, 
nitro-glycerine,  bridges  and  electricity. 

Its  meetings  were  not  always  harmonious,  for  we  find  that  at 
the  eighth  meeting  a  lively  discussion  took  place  between  Colonel 
Flad  and  Secretary  Herthel  over  a  newspaper  article  written  by  the 
latter.  Colonel  Flad  left  the  meeting,  and  Mr.  Herthel  was  re- 
quested to  leave,  later  sending  in  his  resignation.  At  the  tenth 
meeting,  however,  both  are  reinstated,  and  everything  is  lovely.  I 
have  been  unable  to  learn  how  long  this  society  continued  in  exist- 
ence.    The  records  I  found  covered  a  period  of  but  six  months. 

Later  it  seems  that  the  engineers  concluded  to  "flock  by  them- 
selves," and  we  hear  of  informal  gatherings,  these  being  held — let 
it  be  told  in  whispers — in  the  back  room  of  a  saloon  on  Seventh 
street  and  Chouteau  avenue.  Among  those  frequenting  these  in- 
formal meetings  were  Messrs.  Flad,  Herthel,  Whitman,  Davis,  Rice, 
Meysenburg  and  Lowe.  These  meetings  led  to  the  formation  of 
the  Engineers'  Club  of  St.  Louis,  the  first  meeting  of  which  was 
held  on  November  4,  1868,  at  the  office  of  the  Water  Board,  at  the 

*An  address  delivered  at  a  meeting  held  April  19,  1899,  at  the  Southern 
Hotel,  in  celebration  of  the  30th  anniversary  of  the  Club's  incorporation. 

fManuscript  received  February  26,  1900. — Secretary,  Ass'n  of  Eng.  Socs. 
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southeast  corner  of  Fourth  and  h^hn  streets.  I  quote  the  minutes 
of  this  meeting  in  full : 

At  a  meeting  of  engineers  held  this  day  at  the  office  of  the  Water 
Board.  Mr.  Whitman  was  elected  Chairman  and  Air.  Eimbeck  temporary 
Secretary. 

Upon  motion,  resolved  that  an  association  be  formed  to  be  styled  the 
"Engineers'  Club,"  for  the  general  advancement  of  professional  knowledge, 
intercourse  and  for  maintenance  of  a  library  of  journals  and  books  of 
reference. 

Upon  motion,  resolved  that  any  engineer  may  attain  membership  of  this 
Club  by  signifying  his  desire  to  enter  and  by  assuming  the  obligations  to 
contribute  to  the  fund  necessary  for  the  maintenance  of  the  Hbrary,  similarly 
to  old  members. 

Resolved  further  that  the  officers  of  the  Club  be  a  Secretary  and  Treas- 
urer, having  the  duties  as  ordinarily  defined.  George  P.  Herthel,  Jr.,  was 
elected  Secretary,  and  Joseph  P.  Davis,  Treasurer. 

Upon  motion,  the  Chair  appointed  the  Secretary  and  Treasurer  a  com- 
mittee to  receive  and  nominate  to  each  meeting  topics  of  professional  in- 
terest for  discussion. 

Upon  motion,  the  Chair  appointed  Messrs.  Merrill,  Flad  and  Davis  a 
committee  to  report  on  such  a  list  of  periodicals  as  might  be  desirable. 

Thereupon  discussions  by  the  Club  on  general  topics.  Topics  sub- 
mitted for  the  next  meeting  by  Col.  Flad,  "Pile  Drivers";  Col.  Merrill, 
"Dykes." 

.■\djourncd. 

At  the  second  meeting  an  assessment  of  $10  was  levied  for 
hbrary  purposes,  and  a  list  of  periodicals  ordered.  At  the  third 
meeting  a  Committee  on  Constitution  was  appointed,  which  com- 
mittee made  its  report  at  the  fourth  meeting,  and  the  Constitution 
was  adopted.  At  the  fifth  meeting  the  Constitution  was  reviewed, 
and  received  the  signatures  of  fifteen  members.  At  this  meeting 
the  first  annual  election  of  offtcers  occurred,  the  result  being: 
Colonel  Henry  Flad,  President;  F.  E.  Shickle,  Vice-President; 
Geo.  P.  Herthel,  Jr.,  Secretary,  and  Jos.  P.  Davis,  Treasurer. 

The  proper  office  of  the  Club  seems  to  have  had  early  con- 
sideration, for  at  the  thirteenth  meeting  a  Dr.  Hunter  introduced 
and  explained  his  model  of  a  canal  boat  propeller,  and  a  motion  was 
carried  that  the  Club  give  same  its  unqualified  approval.  This 
appeared  to  have  been  a  little  strong,  for  the  motion  was  recon- 
sidered at  the  next  meeting  and  referred  to  a  committee  of  three. 
At  the  following  meeting  Dr.  Hunter  was  present  and  gave  addi- 
tional data.  Several  meetings  later  a  resolution  was  adopted  de- 
claring it  to  be  inexpedient  for  the  Club  to  engage  in  controversies 
about  the  merits  of  inventions,  and  an  amendment  to  the  By-laws 
was  adopted  to  the  effect  that  no  vote  should  be  taken  or  record 
made  of  such  debates.  This,  it  is  needless  to  add,  has  been  the 
policy  of  the  Club  ever  since. 
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At  the  twenty-third  meeting-,  held  April  2,  1869.  a  committee 
was  appointed  to  investigate  the  matter  of  incorporating  the  Club. 
This  committee  reported  favorably  at  the  following  meeting,  and  a 
committee  was  appointed  to  proceed  with  the  matter.  At  the 
twenty-ninth  meeting,  held  May  19,  1869,  this  committee  presented 
the  certificate  of  incorporation,  dated  May  12,  1869.  From  this  it 
appears  that  for  some  time  the  Club  has  been  badly  mixed  as  to  its 
dates.  As  far  back  as  I  can  remember  the  date  of  incorporation  has 
always  been  published  as  April  12.  This  meeting,  therefore,  is 
nearly  a  month  too  early,  not  to  mention  the  fact  that  we  seem  to 
have  forgotten  that  the  Clul)  was  organized  some  six  months  l)efore 
it  was  incorporated. 

INCORPOR.\TORS    AND    CHARTER    MEMBERS. 

The  men  whose  names  appear  as  incorporators  of  the  Engi- 
neers" Club  of  St.  Louis  are:  Messrs.  Henry  Flad,  Geo.  W.  Fisher, 
Thos.  J.  Whitman,  L.  Frederick  Rice,  T.  A.  Meysenburg,  William 
Eimbeck,  Chas.  Pfeifer,  C.  E.  Illsley,  Geo.  P.  Herthel,  Jr.,  Jos.  P. 
Davis  and  Jas.  Andrews.  A  careful  inspection  of  the  records, 
however,  shows  that  this  list  does  not  include  the  entire  membership 
of  the  Club  at  that  time,  and  that  a  number  of  names — some  of  them 
active  and  prominent  in  the  Club — are  missing. 

No  name  deserves  so  high  a  position  in  the  annals  of  this  Club 
as  does  that  of  Colonel  Henry  Flad,  its  first  President,  and  for 
twelve  years,  1868-1880.  the  occupant  of  the  chair.  At  the  meeting 
held  September  2t.  1898,  in  honor  of  Colonel  Flad,  a  complete 
biographical  sketch  of  his  life  was  given  by  Mr.  Robert  Moore,  so 
that  it  is  not  necessary  to  recapitulate  here.  He  did  some  notable 
work  in  the  Civil  War,  was  actively  connected  with  the  St.  Louis 
Bridge,  and  was  really  the  brains  behind  that  structure.  His  con- 
nection with  municipal  work  in  St.  Louis  is  well  known,  and  to  him 
is  due  the  credit  in  large  measure  for  our  water  works  system, 
paved  streets  and  system  of  street  sprinkling.  He  served  a  term 
as  President  of  the  American  Society  of  Civil  Engineers,  and  was 
a  member  of  the  Mississippi  River  Commission,  rendering  impor- 
tant service  there,  particularly  in  the  matter  of  dredging.  His 
death  occurred  June  20,  1898.  His  son  Edward  has  been  active  in 
the  Club  for  many  years,  serving  as  President  in  1897. 

Geo.  W.  Fisher  was  very  active  in  the  Club  in  its  early  days, 
holding  the  office  of  Vice-President  during  the  years  1874-77,  inclu- 
sive, and  being  still  a  member  of  the  Club.  During  nearly  all  of 
this  time  he  has  been  connected  witli  the  I*\dton  Iron  Works,  of  this 
city,  of  which  he  is  now  the  head. 
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'I'lins.  J.  Whitman  scrwd  tlir  (luh  as  Treasurer  for  part  of 
iSjt),  as  \  ici,'  rrrsiilrnt  (lurin<;  iSjS-So.  and  as  President  during; 
1881.  Me  was  actively  connected  with  the  St.  Louis  Water  Works 
system,  and  was  for  many  years  the  head  of  the  Water  Department. 
He  also  did  important  work  in  connection  with  the  water  plants  at 
Memphis  and  Leavenworth,  and  the  sewer  system  at  Minneapolis. 
His  death  occurred  in  December,  1890. 

L.  i-Vederick  Rice  was  Secretary  of  the  Club  in  1871,  durinj^ 
which  \ear  he  remoNcd  fmni  the  city,  h'or  some  years  past  he  has 
practiced  his  profession  of  architecture  and  civil  engineerino;  in 
I'oston.  He  writes  that  he  still  cherishes  the  recollection  of  those 
old  days,  and  of  the  ])leasant  ac(|uaintances  made  during-  his  resi- 
dence in  St.  Louis. 

Colonel  T.  A.  Meysenl)urg-  was  a  charter  member  of  the  "Poly- 
technischer  N'erein"  as  well  as  of  this  I'lul),  and  is  still  on  our  rolls. 
ik'  delivered  the  formal  address  on  the  occasion  of  the  celebration  of 
the  Club's  twentieth  anniversary.  I'or  many  years  he  has  been 
connected  with  extensive  iron  and  steel  manufactiuMug'  interests  in 
East  St.  Louis. 

William  Limbeck  was  also  quite  active  in  the  Clul)  in  its  early 
(lavs,  but  for  man\-  vears  j^ast  has  l)een  connected  with  the  Ltiited 
States  Coast  and  Cieodetic  Sur\-e\-.  I  le  expected  to  be  with  us  this 
evening. 

Charles  I'feifer  was  intiiuately  associated  with  Captain  Eads 
and  Colonel  bMad  in  the  design  and  construction  of  the  bridge,  and 
did  much  of  the  intricate  technical  work  connected  therewith.  For 
a  time  the  firm  of  Flad  &  Pfeifer  did  independent  work  as  consult- 
ing engineers,  with  offices  in  the  old  Chouteau  residence  on  Sixth 
and  Olive  streets,  where  Barr's  now  stands.  Mr.  Pfeifer  was  later 
connected  with  one  of  the  city  departments,  and  died  in  l'\'l)r,uary, 
1883.     His  son.  H.  j.  Pfeifer,  is  now  a  member  of  the  Club. 

Chas.  E.  lllsley  was  at  one  time  active  in  the  Club  and  in  engi- 
neering work,  but  changed  his  vocation  to  that  of  architecture,  and 
recently  removed  to  Boston. 

Ceo.  !'.  Herthel,  Jr.,  was  one  of  the  most  active  spirits  in  the 
early  work  of  the  Club,  being  intimately  associated  with  Captain 
Eads  and  Colonel  I'lad.  Horn  ni  1841  in  this  city,  lie  was  gradu- 
ated from  the  Rensselaer  Polytechnic  Institute,  studying  also  in  the 
Berlin  and  Carlsruhe  Polytechnic  Schools.  He  assisted  Captain 
Eads  in  the  design  of  his  gunboats,  organized  a  patent  agency  and 
in  1866  served  the  city  as  gas  inspector.  He  was  also  connected 
W'ith  the  water  works.  In  co-operation  with  Colonel  Mad  he  de- 
signed and  erected  tlie  first  Indraulic  elevators  put  up  in  this  city, 
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these  being  located  on  iNIain  and  Market  streets,  in  Air.  Chouteau's 
buildings.  In  1867  he  made  a  survey  of  all  the  bridges  on  the 
Mississippi  and  Missouri  Rivers  for  the  Government  under  General 
Warren.  He  was  a  specialist  in  bridge  work,  and  patented  a  para- 
bolic truss  bridge  of  which  a  cast  iron  hollow  column  formed  the 
top  chord,  over  forty  of  which  were  built.  He  was  very  active  in 
the  early  discussions  of  the  St.  Louis  Bridge  enterprise  as  an 
advocate  of  the  Eads  design.  He  died  October  24,  1870.  For 
these  data  and  other  facts  of  interest  I  am  indebted  to  his  brother, 
Mr,  John  W.  Herthel,  architect,  of  this  city,  who,  with  his  daughter, 
is  with  us  this  evening. 

Jos.  P.  Davis  was  the  first  Treasurer  of  the  Club,  serving  it 
during  the  years  1868-69  ^^^  P^^^  of  1870.  He  left  St.  Louis  in 
1870,  and  has  been  connected  with  the  Bell  Telephone  Company,  of 
New  York,  for  some  years.  He  writes  me  that  the  Club's  property 
then  consisted  of  a  small  blackboard  and  a  large  table,  in  the  engi- 
neer's office  of  the  Water  Board,  around  which  the  members  sat. 
Colonel  Flad,  he  says,  was  oftener  at  the  board  than  any  other  mem- 
ber, and  made  the  meetings  interesting  by  stating  the  new  problems 
and  their  solutions  which  he  met  in  the  development  of  the  plans 
for  the  bridge. 

Captain  Jas.  Andrews  was  intimately  associated  with  Captain 
Eads  on  his  bridge  and  jetty  enterprises,  and  for  many  years  made 
his  home  in  Pittsburg,  where  he  was  identified  with  many  impor- 
tant interests.  His  last  work  in  St.  Louis  was  in  1894,  when  he  was 
associated  with  Mr.  Robert  Moore  as  United  States  commissioners 
in  placing  a  valuation  upon  the  Kansas  City  Water  Works  plant. 
He  died  July  6,  1897. 

Among  early  members  whose  names  do  not  appear  in  the 
incorporation  papers  was  Frederick  E.  Shickle,  who  was  the  Club's 
first  Vice-President,  serving  it  in  that  capacity  from  1869  to  1873, 
inclusive.  He  was  actively  connected  with  the  Shickle,  Harrison  & 
Howard  Iron  Company,  of  this  city,  until  his  death,  in  March, 
1888. 

Another  early  member  is  Wm.  Wise,  who  is  still  with  us,  and 
wdio  is,  in  fact,  the  only  one  of  the  Club's  charter  members  who 
now  rarely  misses  a  meeting.  The  Club  is  under  many  obligations 
to  Mr.  Wise,  for  he  served  it  as  Treasurer  for  ten  years,  1871-80, 
inclusive,  and  was  its  Vice-President  in  1882.  During  all  this 
period  he  has  been  connected  with  the  Sewer  Department  of  the 
city,  and  took  an  active  part  in  the  construction  of  the  Mill  Creek 
sewer. 

Another  early  member  was  Colonel  W.  E.  Merrill,  then  chief 
engineer  of  staff  for  General  W.  T.  Sherman,  and  who  was  at  work 
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on  topugraphioal  iiia[)s  lur  the  Government,  ilc  left  St.  Louis  in 
1870,  and  after  a  year  in  Chicago  went  to  Cincinnati,  where  he  had 
charge  of  the  improvements  on  the  Ohio  River.  He  built  the 
Davis  Island  movable  dam,  the  first  of  this  type  on  a  large  stream, 
which  resulted  in  giving  Pittsburg  a  deep  water  harbor  the  entire 
}-car.     His  death  occurred  on  December  14,  1891. 

THE    EX-PRESIDENTS. 

We  begin  again  with  Colonel  Flad,  our  first  President,  and  who 
served  from  1868  to  1880.  His  election  to  honorary  membership 
occurred  January  16,  1895. 

As  already  stated,  Thos.  J.  Whitman  was  our  second  President, 
serving  the  Club  in  1881. 

General  C.  Shaler  Smith,  1882,  was  a  prominent  l.)ridge  engi- 
neer, designing  the  St.  Charles  and  LaChine  Bridges  and  many  other 
prominent  structures.  I  am  told  that  his  election  to  ofBce  in  this 
Club,  which  occurred  immediately  after  the  falling  of  the  St. 
Charles  Bridge,  and  at  a  time  when  he  was  being  severely  censured, 
was  largely  due  to  the  opinion  among  engineers  that  General 
Smith's  designs  were  in  accordance  with  the  best  practice  of  the 
day,  and  was  intended  to  show  that  he  had  in  no  wise  lost  the  confi- 
dence of  his  professional  brethren.  For  a  number  of  years  he  was 
in  charge  of  the  Eads  Bridge.     He  died  December  20,  1886. 

Colonel  H.  C.  Moore,  1883,  was  a  prominent  railroad  man, 
having  been  general  superintendent  of  the  Missouri  Pacific  and 
other  important  Western  roads.  His  sons,  Robert  and  Philip  N. 
Moore,  have  for  many  years  been  active  members  of  this  Club. 
His  death  occurred  in  April,  1889. 

Dr.  C.  M.  Woodward,  1884,  has  for  many  years  been  prominent 
in  the  education  of  engineers,  which,  together  with  his  book  on  the 
St.  Louis  Bridge,  entitles  him  to  high  rank  as  an  engineer.  The 
records  indicate  that  this  Club  is  largely  indebted  to  Dr.  Wood- 
ward for  its  present  standing  and  prosperity.  In  1883  interest  in 
Club  affairs  was  at  a  low  ebb,  no  meetings  being  held  between  April 
and  December.  At  the  December  meeting  Messrs.  Woodward, 
Constable  and  Robert  Moore  were  appointed  a  committee  to  ar- 
range a  scheme  of  work  for  the  coming  season.  At  the  following 
meeting,  January  2,  1884,  they  reported  a  program  which  embodied 
meetings  on  the  first  and  third  Wednesdays  of  each  month,  and  one 
or  two  papers  for  each  meeting.  The  committee  had  adopted 
heroic  measures;  had  selected  interesting  subjects,  and  secured  the 
consent  of  persons  familiar  with  those  subjects  to  talk  upon  them. 
The  committee  regretted  its  inabilitv  to  find  one  who  could  properly 
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discuss  electric  motors.  The  Clul)  was  so  pleased  with  the  plan 
]iropose(l  that  it  immediately  elected  Dr.  Woodward  President. 
This  arrangement  of  two  meetings  per  month  and  a  definite  pro- 
gram has  l)een  followed  ever  since,  and  is  largely  responsible  for  the 
growtli  and  prosperity  of  the  Club.  As  will  be  shown  later,  there 
was  an  immediate  revival  of  interest,  which  has  continued  ever 
since. 

Robert  ^loore.  President  in  1885  and  1893,  ^'^''^^-  ^^  >'""  know, 
been  identified  w-ith  many  prominent  engineering  works,  principally 
in  railways,  water  and  other  municipal  enterprises.  He  is  an  emi- 
nent example  of  the  engineer  as  a  citizen.  His  public  work  in  smoke 
abatement,  water  filtration  and  in  the  public  schools  and  library  are 
well  known.  Perhaps  his  most  important  structure  is  the  elevated 
railway  in  this  city. 

Robert  E.  McMath,  President  in  t886  and  Librarian  1891-93, 
is  well  known  to  the  public  as  former  Sewer  Commissioner  and  now 
President  of  the  Board  of  Public  Improvements.  His  latest  public 
service,  and  by  no  means  the  least  important,  is  his  connection  with 
the  recent  exposure  of  the  engineering  fallacies  of  the  Chicago 
Drainage  Canal. 

Professor  W.  B.  Potter,  1887,  is  well  known  through  his  work 
at  Washington  UniA'ersitv  and  in  mining  and  metallurgy.  His 
studies  of  Western  fuels  and  the  abatement  of  smoke  have  earned 
him  high  standing.  He  served  a  term  as  President  of  American 
Institute  of  Mining  Engineers. 

M.  L.  Holman.  t888,  and  Treasurer  in  1885  and  1886,  has  been 
almost  continuously  connected  witli  the  Water  Department  of  this 
city,  of  which  he  has  risen  to  the  head,  and  where  he  has  done  much 
work  in  extensions  and  enlargement  of  water  works  system.  No 
engineer  in  public  life  to-day  enjoys  the  confidence  of  his  profes- 
sional associates  and  the  public  generally  to  a  greater  degree  than 
does  Mr.  Holman.  He  served  several  terms  as  one  of  the  \'ice- 
Presidents  of  the  American  Society  of  Mechanical  Engineers. 

Colonel  E.  D.  Meier,  1889,  Treasurer  1881-84,  has  had  a  wide 
experience  as  a  mechanical  engineer  in  railway  work,  cotton,  coke 
and  boiler  manufacturing.  The  Colonel  is  a  very  agreeable  gentle- 
man, but,  like  some  of  the  rest  of  us,  has  his  hobbies.  One  of  these, 
the  largest  Heine  boiler  yet  built  (600  horse  power  at  300  pounds 
working'  steam  pressure),  has  just  lieen  put  into  service  at  the 
Baldwin  Locomotive  Works,  Philadelphia,  within  forty-eight  liours 
after  the  old  boiler  plant  had  been  shut  down.  Another  hobby  of 
the  Colonel's  is  the  Diesel  motor,  of  which  great  things  are  expected. 
Colonel  Meier  is  now  one  of  the  A'ice-Presidents  of  the  American 
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Socict)  of  -Mcclianical  I'ji^inccrs.  lie  was  lor  many  years  Secre- 
tary of  the  American  I'.oiler  Manufacturers'  Association. 

Professor  V.  K.  Xiplier.  1890.  was  \'ice-President  in  1889,  ^"'1 
is  now.  He  is  well  known  through  his  educational  work  at  Wash- 
ing^ton  L'niversily.  and  his  original  investigations  into  electrical  and 
physical  science,  and  his  puhlications  on  those  sulijccts. 

(leorge  I'urnet.  1891.  served  as  Street  Commissioner  and  as 
IVesident  of  the  lioard  of  ruhlic  Improvements,  and  is  well  known 
as  a  cahle  and  railw  ay  contractor. 

J'rofessor  J.  15.  Johnson,  1892,  Secretary  1883-84.  Librarian 
1885-88  and  1890-91,  stands  high  as  an  educator  in  civil  engineer- 
ing, having  recently  accepted  the  position  of  dean  of  the  School  of 
Engineering  of  the  University  of  Wisconsin.  His  several  text- 
books on  important  engineering  subjects,  and  his  more  recent  inves- 
tigations into  the  strength  of  materials,  have  earned  for  him  high 
rank,  and  it  is  a  source  of  extreme  regret  that  he  should  leave 
Washington  University  and  St.  Louis. 

Robert  Moore  served  another  term  as  President  in  1893.  This, 
you  will  remember,  was  the  year  of  the  Chicago  World's  Fair,  and 
it  was  thought  that  this  Club  would  have  something  to  do  in  tlie 
direction  of  entertaining  visiting  engineers  from  abroad,  and  it  was 
felt  that  the  Club  should  have  at  its  head  at  this  time  one  of  our  best 
known  and  most  representative  engineers.  This  honor,  of  re-elec- 
tion to  the  Presidency  after  a  term  of  years,  has  been  conferred  bv 
the  Club  on  no  other  member. 

r>.  L.  Crosby,  1894,  was  prominently  identified  with  the  Ihir- 
lington  Railway,  and  has  had  charge  of  the  construction  of  many 
ini])ortant  bridges  across  the  Missouri  River.  He  also  served  the 
Club  as  \'ice-President  during  the  years  1892-93,  removing  to  St. 
Joseph.  Mo.,  about  a  year  ago. 

S.  IJent  Russell,  1895,  has  been  almost  continuously  with  the 
Water  Department  of  this  city,  and  for  many  years  has  been  in 
direct  charge  of  the  extensions.  The  Club  is  ])riiici])ally  indebted 
to  him  for  its  publication  of  "Local  Data."  His  most  recent  work 
is  the  revetment  of  the  banks  of  the  Mississippi  River  at  the  Chain 
of  Rocks. 

J.  .\.  (  )ckerson,  1896.  served  as  \ice-President  in  1888  and 
1895.  Jl*-'  ^\'<is  for  many  years  i)rinri])al  assistant  engineer  to  the 
Mississippi  River  Commission,  and  last  summer  was  appointed  to 
succeed  Colonel  Henry  Flad  as  a  iiienil)er  of  the  commission.  He 
has  been  identified  with  much  ini])ortaiit  work  on  the  Mississippi 
and  its  passes. 

Edward  Flad,  1897,  was  prominently  connected  with  the  ^^'ater 
Department  for  a  while,  but  for  many  years  has  been  engaged  in 
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independent  practice,  in  which  he  was  associated  for  a  time  with 
Professor  J.  B.  Johnson.  A  piece  of  characteristic  and  original 
work  is  his  design  of  standpipe  for  the  St.  Charles,  Mo.,  water 
works. 

Personally  the  speaker  would'  have  preferred  to  draw  the  line 
on  ex-Presidents  at  this  point,  but  historical  accuracy  forbids. 
William  H.  Bryan,  President  in  1898,  has  been  much  in  evidence  in 
the  Club's  affairs  for  a  number  of  years,  serving  as  Secretary  from 
1886  to  1890  and  from  1894  to  1896,  and  as  Librarian  in  1889,  and 
is  at  present  a  member  of  the  Board  of  Managers  of  the  Association 
of  Engineering  Societies.  His  work  as  an  engineer  is  known  to 
many  of  you,  his  efforts  in  the  direction  of  smoke  abatement  being 
perhaps  those  in  which  he  feels  the  most  satisfaction.  In  his  recent 
design  of  the  Imperial  Electric  Light,  Heat  and  Power  Company's 
plant  at  Tenth  and  St.  Charles  streets,  in  this  city,  he  was  associated 
with  Mr.  H.  H.  Humphrey. 

I  regret  to  state  that  I  was  unable  to  secure  the  consent  of  the 
present  occupant  of  the  chair  to  the  use  of  his  photograph.  I 
would  have  liked  very  much  to  present  it  with  those  of  the  ex- 
Presidents,  for  several  reasons :  First,  Mr.  Colby  is  a  prominent 
and  able  engineer  whom  we  all  delight  to  honor,  and,  second,  there 
is  every  indication  that  in  the  course  of  time — if  the  Club  is  true  to 
its  traditions — he  may  hope  to  become  an  ex-President.  Not  being 
able  to  get  his  consent,  however,  I  was  obliged  to  forego  that 
pleasure  and  resort  to  other  methods.  You  are  familiar  with  Mr. 
Colby's  long  connection  with  the  Sewer  Department,  of  which  he  is 
now  the  head,  and  the  important  work  which  he  has  done  in  repair- 
ing the  Mill  Creek  sewer. 

OTHER    PROMINENT    ENGINEERS. 

Professor  Chas.  A.  Smith  was  Secretary  of  the  Club  from 
1872  to  1882,  inclusive.  To  him  we  are  largely  indebted  for  our 
present  methods  of  publication  and  the  establishment  of  the 
Journal.  His  work  at  Washington  University  as  professor  of 
civil  and  mechanical  engineering  is  well  known.  This  Club  num- 
bers many  of  his  students  on  its  rolls,  five  of  them  being  ex-Presi- 
dents. His  two  books,  ''Steam  Making"  and  "Steam  Using,"  have 
long  been  authorities  in  their  fields.  His  death  occurred  on  Feb- 
ruary 2,  1884.  In  recognition  of  his  services  a  purse  of  several 
hundred  dollars  was  made  up  in  1890  and  presented  to  Professor 
Smith's  son. 

Captain  Jas.  B.  Eads  was  another  prominent  member  whose 
work  in  connection  with  the  bridge,  jetties  and  gunboats  is  well 
known.     He  served  a  term  as  president  of  the  American  Society  of 
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Civil  Engineers  in  1880,  and  died  March  8,  1887.  The  Ckib  has  a 
standing  committee  on  monument  to  Captain  Eads,  and  a  con- 
siderable fund  has  been  raised;  not  enougli,  however,  to  enable  the 
work  to  be  begun. 

William  E.  W'orthcn  was  elected  an  honorary  member  of  this 
Club  October  30,  1872,  and  for  twenty-three  years  was  the  only 
honorary  member.  He  was  an  ex-President  of  the  American 
Society  of  Civil  Engineers,  and  for  a  short  period  was  chief  engi- 
neer of  the  Chicago  Drainage  Canal.     He  died  April  2,  1897. 

A  number  of  the  Club's  members  entered  the  Third  United 
States  Volunteer  Regiment  of  Engineers  when  it  was  formed  in 
this  city  in  the  summer  of  1898.  Among  them  were  Colonel  E.  J. 
Spencer,  ]\Iajor  J.  L.  Van  Ornum,  Captain  J.  A.  Laird,  Eieutenant 
W.  S.  Brown  and  Alessrs.  L.  P.  Butler,  S.  F.  Crecelius  and  H.  L. 
Reber. 

AN    ABSTRACT   OF   THE    CLUb's    HISTORY. 

The  accompanying  table,  page  168,  gives  an  abstract  of  the 
Club's  history.  It  will  be  noticed  that  the  President  and  Vice- 
President  have,  since  1880,  been  changed  each  year,  the  Vice- 
President  as  a  rule  becoming  President.  The  records  are  silent  as 
to  who  was  Vice-President  in  1883.  The  Secretaries  have  been 
Messrs.  Herthel,  Rice,  Professors  Smith  and  Johnson,  Messrs. 
]\Iiller,  Bryan,  Thatcher,  McCulloch  and  Fish.  The  Treasurers 
Messrs.  Davis,  Whitman,  Wise,  Meier,  Holman,  Melcher  and  Mc- 
Math.  The  office  of  Librarian,  which  was  established  in  1885,  has 
been  filled  by  Messrs.  Johnson,  Bryan,  McMath,  Condron,  Judson, 
Layman,  Baier  and  Jolley. 

For  about  a  year  and  a  half  after  the  Club's  organization  meet- 
ings were  held  regularly  once  a  week,  and  there  are  records  of  fifty- 
two  separate  and  distinct  meetings  in  the  year  1869.  The  attempt 
was  made  to  keep  up  the  weekly  meetings,  but  with  only  indifferent 
success.  In  February,  1874,  a  motion  was  adopted  providing  for 
meetings  on  the  first  Wednesday  of  each  month,  but  even  this  was 
found  difficult  to  maintain.  Some  of  the  early  meetings  were  not 
particularly  thrilling  in  interest.  For  instance,  the  minutes  of  the 
thirty-fifth  meeting  read :  "Meeting  called  to  order  by  Mr.  Rice. 
L^pon  motion,  Mr.  \\'hitman  elected  as  temporary  Chairman.  On 
motion,  adjourned." 

During  the  years  1869  to  1873  much  important  engineering 
work  was  in  progress  in  this  city,  including  the  bridge,  the  tunnel 
and  Bissell's  Point  water  works.  After  these  were  finished  interest 
in  the  Club  seemed  to  lag;  so  much  so  that  but  two  meetings  were 
held  in  1875,  and  one  of  these  was  the  adjourned  annual  meeting 
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from  iho  \car  hoforo.  The  tahlr  is  in  error  rcij^anliiii^-  the  mt'ctiiijn-.s 
licld  in  1876.  Seven  were  actnally  held,  hut  for  some  reason  four 
of  them  did  not  receive  numl)ers.  Our  total  of  numhcred  meeting's 
is  therefore  four  short  of  the  actual  numher.  The  colunnis  showini;- 
tt)tal  memhershi])  and  average  attendance  at  meetings  are  interest- 
ing. I  could  not  find  these  data  in  the  records  of  the  earlier  meet- 
ings, hut  it  is  evident  that  a  marked  increase  in  the  numl)er  of 
meetings,  average  attendance  and  total  meml)ershii)  hegan  with  the 
adoption  of  a  set  program  of  pa])ers  in  1884.  as  has  already  ])VQn 
explained. 

The  next  period  of  seven  years  was  an  active  one  for  the  Cluh. 
its  meml)ership  increasing  over  70  per  cent,  and  the  average  attend- 
ance douhling.  The  growth  in  the  five  following  years  did  not 
seem  to  continue,  hut  there  has  heen  a  revival  in  the  last  year  or  two. 
For  the  last  fifteen  years  the  program  of  two  meetings  per  month, 
except  durmg  the  hot  weather,  has  been  maintained. 

I'APER.S    AND    ITBLICATIOXS. 

During  its  existence  the  Club  has  discussed  a  wide  variety  of 
subjects.  At  the  early  meetings  some  of  the  topics  covered  were 
pile  driving,  dykes,  foundations,  the  Hoosac  tunnel,  pontoons,  street 
rollers,  boiler  explosions,  pavements,  steamboat  engines,  railroad 
grades,  siphons,  injectors,  cement,  lire  clay,  iron  manufacturing, 
borings  in  deep  water,  pumping  engines,  standpipes,  suspension 
bridges,  draw  bridges,  electric  clocks,  the  Biddle  street  sewer  and 
improving  the  Aleramec  River. 

The  first  formal  paper  was  presented  by  Mr.  J-  C.  Davis,  and 
was  entitled  "Screw  Piles,"  and  the  minutes  state  that  it  was  "added 
to  the  records."  Afterwards  when  a  paper  of  unusual  value  was 
read  it  was,  by  special  vote,  ordered  to  be  published  in  pampldet 
form  at  the  Club's  expense.  There  is  a  record  also  of  the  Secretar\ 
buying  a  book  into  which  to  copy  papers.  The  records  also  show 
that  at  one  time  (1876)  the  Club's  proceedings  were  reported  fpiite 
fully  in  the  Engineering  News  for  some  months.  At  another  time, 
1884,  one  of  the  morning  papers  printed  the  minutes  in  full  for  a 
while.  In  1881  the  Association  of  Engineering  Societies  was 
formed,  and  the  publication  of  tlie  Jotrn  \[,  begun.  This  journal 
has  not  always  been  as  successful  and  prompt  as  it  now  is.  For 
instance,  the  minutes  of  the  Club's  meeting  of  huiuary  16.  1884.  are 
l)ublished  in  the  Journal  for  July,  1883. 

There  were  also  occasional  publications  of  the  Constitution  and 
By-laws  and  list  of  members.  Beginning  in  1889.  this  became  an 
annual  feature,  and  in   i8f)6  was  enlarged  to  the  present  bulletin; 
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and  now  includes  the  annual  reports  of  officers  and  the  addresses  at 
the  annual  dinner  and  other  matters  of  interest,  and  is  more  than 
self-supporting  from  advertisements  secured.  Not  the  least  valu- 
able of  the  Club's  publications  is  the  pamphlet  on  "Local  Data," 
issued  in  1893.  We  have  a  large  number  of  copies  on  hand,  and  it 
has  been  suggested  that  it  be  revised  and  republished  in  the  next 
annual  bulletin. 

LIBRARY   AND    MEETING   PLACES. 

The  Club  has  made  various  attempts  towards  the  formation  of 
a  library.  One  of  the  first  things  it  did  was  to  subscribe  for  techni- 
cal journals,  which  were  afterwards  bound.  Numerous  donations 
of  books  were  received.  Arrangements  were  made  to  copy  into  the 
Club's  records  the  results  of  the  experiments  during  the  construc- 
tion of  the  St.  Louis  Bridge.  When  the  contract  was  made  with 
the  Public  School  Library  in  1872  all  the  Club's  books  were  turned 
over  to  it,  and  we  were  never  able  to  get  them  back.  Efiforts 
towards  the  formation  of  a  library  were  resumed  when  we  secured 
quarters  of  our  own  in  the  Laclede  Building  in  1889,  and  have  con- 
tinued uninterruptedly  to  the  present  time,  when  we  have  a  library 
that  is  beginning  to  be  worthy  of  the  Club.  In  1891  the  Club  se- 
cured a  most  valuable  acquisition  to  its  possessions  by  purchasing 
the  library  of  the  late  Mr.  Thos.  J.  Whitman,  the  necessary  funds 
being  raised  by  subscription.  In  1895  an  arrangement  was  made 
with  the  Electric  Club  by  which  the  latter's  valuable  library  is  cared 
for  by  the  Engineers'  Club,  and  open  to  use  by  its  members. 

Among  the  Club's  possessions  are  also  a  number  of  valuable 
portraits, — oil  paintings  of  Captain  Eads  and  Colonel  Flad,  and 
crayons  of  General  C.  Shaler  Smith,  Thos.  J.  Whitman  and  Profes- 
sor Chas.  A.  Smith. 

The  Club's  meetings  for  the  first  three  years  of  its  existence 
were  held  in  the  office  of  the  Water  Commissioner,  southeast  corner 
Fourth  and  Elm  streets.  Under  the  arrangement  with  the  Public 
School  Library,  which  was  in  force  from  1872  to  1881,  every  mem- 
ber of  the  Club  became  a  life  member  of  the  public  library,  and  at 
a  cost  of  $12,  and  the  two  libraries  were  merged  into  one,  and  we 
were  given  a  meeting  room.  This  arrangement  was  never  entirely 
satisfactory,  for  we  find  that  in  1876  meetings  were  being  held  at 
various  other  places,— at  the  office  of  the  St.  Louis  Bolt  and  Iron 
Company,  Flad  and  Pfeifer,  Washington  LIniversity  and  the  Board 
of  Public  Improvements.  After  1877  the  meetings  were  again  held 
at  the  public  library  until  1881,  when  the  Club  withdrew  from  the 
agreement.  From  1881  to  1884  the  meeting  place  was  the  office  of 
the  Board  of  Public  Improvernents,  then  on  the  ground  floor  of  the 
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okl  Citv  Hall,  at  Eleventh  and  Market  streets,  in  the  room  until 
recently  occupied  by  Water  Commissioner  Ilolman.  In  1884  ar- 
rangements were  made  with  the  Mercantile  Library  by  which  the 
Club  took  forty  annual  memberships,  and  were  given  a  meeting 
place.  This  arrangement  continued  until  1887.  For  a  year  of  this 
time,  however,  meetings  were  held  in  the  rooms  of  the  old  Mercan- 
tile Club  by  special  invitation,  and  without  expense.  During  the 
next  two  years  meetings  were  held  usually  at  Washington  Univer- 
sity, but  in  the  spring  of  1889  arrangements  were  made  with  the 
Elk's  Club  in  the  Laclede  Building  for  a  meeting  place,  and  a  special 
room  was  rented  for  the  Club's  use  as  a  library  on  the  third  floor  of 
the  same  building.  This  arrangement  proved  quite  satisfactory, 
and  continued  until  the  end  of  1890,  when  a  larger  room  was  rented 
in  the  Odd  Fellows  Building,  which  served  for  both  library  and 
meeting  room.  This  arrangement  continued  until  December,  1893, 
when  the  present  contract  with  the  Missouri  Historical  Society  was 
entered  into,  and  has  proved  eminently  satisfactory  ever  since. 

DINNERS    AND    ENTERTAINMENTS. 

The  first  dinner  of  which  I  find  Lny  record  was  held  at  the  St. 
Louis  Club  December  i,  1880,  the  annual  meeting.  Another  dinner 
was  held  a  year  later  at  the  same  place.  The  third  was  planned  to 
be  held  at  the  Germania  Club  at  the  annual  meeting  of  1882,  but  a 
blizzard  struck  the  town  that  evening  and  no  quorum  appeared. 
The  lecords  state  that  those  present  "took  what  refreshments  they 
could"  and  adjourned.  No  further  dinners  appear  to  have  been 
held  until  March,  1886,  when  a  complimentary  banquet  was  ten- 
dered Colonel  Flad  at  Faust's  Cabin  in  honor  of  his  election  to  the 
Presidency  of  the  American  Society  of  Civil  Engineers.  On  April 
II,  1888,  a  dinner  was  tendered  Professor  W.  B.  Potter  at  the 
University  Club,  in  honor  of  his  election  to  the  Presidency  of  the 
American  Institute  of  Mining  Engineers.  The  twentieth  anniver- 
sary of  the  organization  of  the  Club  was  celebrated  by  a  dinner 
November  7,  1888,  at  the  Lindell.  A  complimentary  dinner  was 
given  T.  C.  ^lendenhall.  superintendent  of  the  United  States  Coast 
and  Geodetic  Survey  January  18,  1890,  at  the  University  Club. 
On  May  12  of  the  same  year  the  Club  celebrated  the  twenty-first 
anniversary  of  its  incorporation  by  a  dinner  at  the  Elk's  Club. 
They  seem  to  have  gotten  the  date  right  this  time.  A  dinner  was 
held  at  the  annual  meeting  December  2,  1891.  at  the  Mercantile 
Club.  After  this  the  practice  was  begun  of  holding  the  annual 
dinner  at  the  last  meeting  of  the  year,  when  the  newly-elected 
officers  were  installed,  which  custom  has  continued  up  to  the  present 
time,  the  dinners  of  1892,  1893,  1894,  1895  and  1898  being  held  at 
18 
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the  Mercantile  Club  and  those  of  1896  and  1897  at  the  Southern 
Hotel. 

President  Edward  Flad  in  1897  appointed  a  Reception  Com- 
mittee to  look  after  entertainments,  excursions,  visitors,  etc.,  and 
his  successors  in  that  office  have  appointed  a  new  committee  the 
beginning  of  each  year.  This  has  proved  an  excellent  feature. 
President  Flad  also  began  the  practice  of  serving  a  light  lunch  at 
the  close  of  each  regular  meeting,  which  practice  has  been  followed 
more  or  less  regularly  ever  since.  During  1898  the  custom  was 
begun  of  having  annually  one  or  more  meetings  of  a  popular  char- 
acter, and  inviting  the  ladies  to  attend. 

EXCURSIONS. 

A  not  unimportant  feature  of  the  Club's  work  has  been  excur- 
sions to  engineering  structures  in  progress  of  erection  or  completed 
in  this  vicinity.  This  began  at  an  early  day ;  trips  were  made  to  the 
St.  Charles  Bridge  on  April  16,  1869,  and  June  25,  1870.  Frequent 
visits  were  made  to  the  Fads  Bridge  and  to  the  water  works.  Trips 
were  also  made  to  Pilot  Knob  and  the  East  St.  Louis  Coke  Works, 
and  to  the  Chanute  Bridge,  Kansas  City.  An  excursion  was  made 
to  Crystal  City  May  31,  1884.  The  Merchants  Bridge  and  Elevated 
Railways  were  visited  April  25,  1891,  and  the  water  works  and  Bur- 
lington Bridge  on  June  15,  1895. 

Among  the  more  recent  excursions  may  be  mentioned  the  in- 
spection of  the  dredge  boats  July  18,  1897,  and  the  visit  to  Grafton 
August  25,  1897,  to  Granite  City  May  28,  1898,  and  to  the  Osage 
River  October  16,  1898. 

Other  interesting  matters  shown  by  the  records  are  the  con- 
tribution of  drawings  and  photographs  to  the  Paris  Exposition  in 
1878,  the  entertainment  of  the  Master  Mechanics  Convention  in 
1877,  the  entertainment  of  the  Civil  Engineers  in  1880  and  of  the 
Mechanical  Engineers  in  1896.  The  latter  meeting  led  to  the  estab- 
lishment of  the  Club's  fund  for  the  entertaining  of  visiting  engi- 
neers, which  now  amounts  to  nearly  $1000. 

MISCELLANEOUS. 

The  minutes  of  the  Club  are  not  as  dry  reading  as  might  be 
supposed.  At  the  early  meetings  seven  members  formed  a  quorum, 
and  it  frequently  happened  that  this  number  was  not  present. 
Shortly  after  the  agitation  of  Dr.  Hunter's  paper  on  "Paddle  Pro- 
pellers," Mr.  Pfeifer  submitted  a  problem  in  arched  trasses  .and 
offered  a  premium  of  $5.00  for  its  solution.  This  was,  however, 
without  result,  and  the  offer  was  withdrawn  two  meetings  later, 


THE  ENGINEERS'  CLUB  OF  ST.  LOUIS.  173 

only  to  be  followed  by  a  solution  from  Mr.  Herthel  at  the  next  meet- 
ing. At  the  thirty-second  meeting  a  committee  was  appointed  to 
bring  in  absentees,  which  committee  retired,  located  the  delinquents 
and  brought  llicni  in,  and  were,  on  motion,  relieved  from  further 
duty.     The  record  is  silent  as  to  where  the  absentees  were  found. 

Great  interest  was  taken  in  the  improvement  of  navigation  in 
the  Alississippi  River.  At  the  sixty-first  meeting  four  committees 
were  appointed  to  consider  this  subject,  each  consisting  of  three 
members,  but  I  can  find  no  record  that  any  of  them  ever  reported. 

The  closing  clause  of  the  minutes  of  the  sixty-fourth  meeting 
reads :  "After  which  there  was  a  general  fight  on  the  law  of  the 
strength  of  columns,"  which  might  be  said  with  equal  truth  of  many 
meetings  since  that  early  day,  some  of  them  quite  recent. 

The  records  of  the  one  hundred  and  fourth  meeting  mention 
that  a  discussion  took  place  upon  the  recent  tornado  in  East  St. 
Louis,  in  which  various  members  of  the  Club  joined.  What  hap- 
pened to  them  after  they  joined  the  tornado  is  not  stated. 

At  the  one  hundred  and  fourteenth  meeting  a  scheme  is  men- 
tioned for  supplying  Belcher  water  to  the  central  portion  of  the 
city,  by  which  the  weight  of  the  drinkers  was  to  raise  the  water. 

As  late  as  the  two  hundred  and  thirty-fourth  meeting  the  Presi- 
dent, in  calling  the  meeting  to  order,  stated  that  its  object  was  to- 
keep  the  Journal  supplied  with  copy. 

The  question  of  smoke  prevention  has  been  before  the  Club 
since  a  very  early  day.  At  a  meeting  of  March  4,  1876,  Messrs. 
\\'hitman,  Flad,  Meier,  Mills  and  Smith  discussed  the  subject,  the 
conclusion  being  that  nothing  had  yet  been  found  which  would 
work  with  careless  and  ignorant  firemen,  a  fact  which  is  equally 
true  to-day.  A  standing  committee  was  appointed  in  1884  to  con- 
sider the  subject,  and  it  has  stood  ever  since.  This  Club  was 
largely  instrumental  in  the  good  work  done  in  smoke  abatement  in 
this  city  some  years  ago. 

CONSTITUTION,    DUES,    ETC. 

As  already  explained,  the  original  Constitution  of  the  Club  was 
adopted  at  the  fourth  meeting,  held  November  25,  1868.  This  Con- 
stitution, and  the  By-laws  accompanying  it,  were  occasionally 
amended  in  minor  features,  but  served  the  Club's  purpose  admi- 
rably until  1885,  when  it  seemed  that  the  growth  of  the  Club  war- 
ranted some  change  in  its  organic  law. 

On  October  22,  1884,  a  committee,  consisting  of  Mr.  Robert 
Moore,  Professor  E.  A.  Engler  and  the  speaker,  was  appointed  to 
revise  the  Constitution.  This  committee  presented  a  report  at  the 
next  meeting,  and  its  discussion  was  made  the  special  order  for  the 
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meeting  following,  November  26,  1884,  when  it  was  adopted.  It 
has  remained  in  practically  its  original  shape  until  the  present  time, 
only  a  few  unimportant  amendments  having  been  made.  One  of 
these  forms  what  is  now  Section  8  of  the  By-laws,  and  provides  for 
exchange  of  members  among  the  Societies  composing  the  Associa- 
tion. When  the  Club  was  organized  there  was  no  initiation  fee, 
but  assessments  were  made  as  the  necessities  of  the  Club  required. 
The  first  Constitution  provided  for  a  standing  committee  of  three 
on  finances,  library  and  publication,  to  be  appointed  by  the  Presi- 
dent. It  also  provided  for  an  initiation  fee  of  $10.00  and  annual 
clues  not  exceeding  $10.00,  to  be  paid  quarterly,  and  the  records 
show  that  these  assessments  were  frequently  passed  over,  the  Club 
evidently  not  needing  the  funds.  In  1884,  after  the  arrangement 
with  the  Public  School  Library  had  been  completed,  the  initiation 
fee  was  raised  to  $12.00  to  pay  for  the  life  membership  in  the 
library.  The  Constitution  adopted  in  1884  reduced  the  initiation 
fee  to  $5.00,  the  annual  dues  to  be  fixed  by  the  Executive  Com- 
mittee at  the  beginning  of  each  year,  but  not  to  exceed  $10.00. 
Assessments  for  special  purposes  may  be  made  on  recommendation 
of  the  Executive  Committee  by  a  two-thirds  vote  of  the  members 
present  at  any  meeting.  The  total  o*^  such  assessments  must  not 
exceeed  $10.00  in  any  one  year.  This  provision  has  only  been  used 
once,  when  the  Club  was  asked  to  contribute  to  the  support  of  the 
engineers'  headquarters  at  the  World's  Fair.  In  i8qo  an  amend- 
ment was  adopted  increasing  the  initiation  fee  to  $10.00. 

The  history  of  the  Engineers'  Club  of  St.  Louis  is  a  story  of 
great  deeds  by  great  men.  Let  those  of  us  who  follow  strive  to 
maintain  the  high  standards  which  have  been  established,  and  prove 
ourselves  worthy  of  the  honor  of  having  been  associated  in  the  Club 
with  some  of  the  most  brilliant  minds  of  the  century. 
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AivhibaUl  .rohnsoii.* 

Member  of  the  Civil  Engineers'  Society  of  St.  Paul. 


For  a  long  time  after  the  organization  of  this  Society  our 
ranks  remained  undiminished  except  by  the  occasional  removal 
of  members  to  other  sections  of  the  country.  A  few  of  those  who 
have  so  left  us  are  no  longer  living.  They  passed  away  after  they 
had  severed  all  fellowship,  when  no  official  notice  could  be  taken. 
Our  list  of  active  and  resident  members  remained  unbroken  by  death 
until  a  year  or  so  ago.  But  recently  that  relentless  destroyer  has 
been  among  us  again,  and  for  a  second  time  in  our  history  we  have 
suiTered  the  loss  of  a  fellow-member.  In  an  endeavor  to  take  some 
appropriate  action  the  task  has  fallen  to  me,  Mr.  Johnson's  oldest 
acquaintance  and  friend,  to  present  an  outline  of  his  work  and  a 
delineation  of  his  character. 

That  friendship  began  over  thirty-one  years  ago,  and  was  never 
interrupted.  He  was  then  a  young  man,  all  health  and  vigor  and 
full  of  hope  and  ambition,  who  had  just  entered  the  business  world 
to  follow  his  chosen  profession.  From  that  early  time  until  his 
death  he  was  a  resident  of  this  city,  actively  engaged  in  engineering 
work,  and  intimately  known  by  all  the  engineers  of  long  residence. 
He  was  a  member  of  this  Society  from  the  second  year  of  its  exist- 
ence, and  took  an  active  interest  in  the  proceedings  whenever  pos- 
sible for  him  to  do  so. 

It  is  therefore  fitting  and  proper  that  we  should  place  upon  our 
records  some  testimonial  of  our  appreciation  of  his  worth  and  a 
record  of  his  work,  for  he  was  with  us  a  long  time  and  his  work 
was  important  and  of  wide  range. 

Archibald  Johnson  was  born  February  3,  1841.  in  (Jntario,  and 
grew  up  on  his  father's  farm  until  he  entered  the  University  of 
Michigan,  at  Ann  Arbor.  He  graduated  from  the  school  of  engi- 
neering in  1866,  and  received  the  degree  of  Civil  Engineer.  Pro- 
fessor DeVolson  Wood  was  then  in  charge  of  the  engineering  de- 
partment, while  the  university  itself  contained  such  men  as 
Alexander  Winchell,  Andrew  D.  White,  James  C.  Watson,  Edward 
Olney  and  Charles  Kendall  Adams,  all  of  whom  were  Mr.  Johnson's 
instructors. 

*Bv  W.  A.  Truesdell. 
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Soon  after  graduating-  he  came  to  St.  Paul,  under  the  then 
prevalent  idea  that  a  young  and  prospective  engineer  must  look  to 
a  new  country  for  his  fortune.  At  that  early  date  railroad  building 
was  the  only  work  in  progress  in  this  northwestern  country,  with 
perhaps  an  occasional  public  land  survey,  and  even  then  it  was  often 
difficult  to  obtain  employment.  Any  one  in  Minnesota  at  that  time 
ambitious  to  become  an  engineer  was  obliged  to  follow  that  class  of 
work  exclusively  or  look  elsewhere  for  a  livelihood. 

The  younger  engineers  of  this  Society  who  have  come  to  St. 
Paul  during  recent  years  cannot  realize  the  difficulties  and  hard- 
ships of  those  who  were  here  in  the  early  days.  At  times  it  was 
next  to  impossible  to  secure  employment,  and  idleness  during  the 
winter  months  was  generally  expected.  Especially  in  1875  and 
1876  there  was  nothing  doing,  and  one  could  not  even  try  to  help 
himself.  Railroad  work  consisted  entirely  in  the  location  and  con- 
struction of  new  lines,  and  no  other  kind  was  known.  The  services 
of  the  engineer  were  quickly  dispensed  with  after  the  work  was 
completed,  because  the  operated  lines  were  not  large  enough  or  in 
a  sufficiently  prosperous  condition  to  require  a  permanent  force. 
Whatever  employment  could  be  obtained  was  of  a  character  that 
usually  compelled  the  engineer  to  live  the  roughest  sort  of  a  life, 
surrounded  by  still  rougher  associations  in  camp,  on  the  prairie  or 
in  the  forest,  far  beyond  the  comforts  of  civilized  life. 

j\Ir.  Johnson's  first  practical  experience  was  on  a  public  land 
survey,  a  service  that  requiies  more  of  hard  physical  work  and 
endurance  than  of  scientific  accomplishments.  He  obtained  the 
position  of  compass  man  with  Mr.  George  R.  Stuntz,  a  well-known 
United  States  deputy  surveyor,  who  was  extensively  engaged  in 
Government  surveying.  For  nearly  a  year,  and  during  the  winter 
season,  he  was  in  the  northern  part  of  the  state,  and  helped  to  run 
subdivision  lines  and  part  of  a  standard  parallel. 

But  it  was  his  great  desire  to  engage  in  railroad  work,  and  to 
build  up  a  reputation  as  an  engineer.  Though  he  had  made  several 
attempts  to  do  so,  and  had  as  often  met  with  discouragement,  he 
never  for  a  moment  doubted  of  his  ultimate  success.  Railroad 
building  in  Minnesota  was  then  in  its  infancy.  The  present  mag- 
nificent systems  were  only  in  part  projected.  There  were  three 
lines  reachmg  out  from  St.  Paul,  each  for  a  short  distance,  to  which 
additions  were  made  piecemeal  from  time  to  time.  After  one 
season's  work,  in  1868.  as  chainman  and  rodman,  on  the  Calmar 
division  of  the  Milwaukee  and  St.  Paul  road,  in  Iowa,  Mr.  Johnson 
finally  obtained  the  position  of  leveler  on  what  is  now  the  St.  Paul 
and  Duluth  road,  and  during  a  part  of  1868  and  all  of  1869  he  was 
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in  the  employ  of  that  company,  alternately  as  leveler  and  transitman. 
When  he  obtained  the  position  of  instrument  man  on  railroad  work 
for  the  first  time  he  was  in  a  much  happier  frame  of  mind,  and  felt 
as  if  he  had  made  a  commencement  at  last  and  that  the  greater  half 
of  his  reputation  was  established.  It  had  taken  him  nearly  two 
years  to  do  this,  after  repeated  failures,  so  difficult  it  was  in  those 
early  days  for  a  young  man  to  get  started  in  the  business  unaided 
and  alone.  From  this  time  on  his  rise  was  rapid,  and  he  had  no 
trouble  in  obtaining  employment. 

When  the  Northern  Pacific  Company  commenced  to  build  west- 
ward from  Lake  Superior  a  wide  field  was  opened  to  engineers,  for 
that  company  maintained  an  extensive  and  well-organized  staff  and 
was  liberal  with  its  men.  Mr.  Johnson  entered  the  service  of  that 
road  in  1870,  where  he  remained  for  two  years ;  and  during  that 
time  built  up  an  enviable  reputation  as  an  engineer.  He  was 
employed  both  as  a  division  engineer  on  construction  and  as  a 
locater  in  the  field.  In  the  latter  capacity  he  had  occasion  to  lay 
down  one  of  the  longest  tangents  in  this  country,  a  length  of  53 
miles,  from  the  Red  River  west.  Except  for  the  town  site  at  Fargo, 
the  tangent  would  have  been  over  75  miles  long.  On  another  occa- 
sion he  ran  a  line  west  to  the  Missouri  River  through  what  was  then 
a  dangerous  country  to  operate  in,  and  was  accompanied  by  an 
escort  of  troops. 

In  1872  he  was  with  the  Wisconsin  Central  road,  employed 
principally  as  a  locater  between  Stevens  Point  and  Portage,  in 
Wisconsin,  where  he  remained  for  part  of  a  year. 

Railroad  building  now  came  to  a  standstill,  owing  to  the  finan- 
cial crisis  of  1873,  and  those  who  had  been  active  in  that  line  of 
work  sudd€nly  found  themselves  out  of  employment,  and  were 
obliged  to  commence  the  world  over  again.  Mr.  Johnson  then 
formed  a  partnership  with  Mr.  N.  D.  Miller,  for  the  purpose  of 
engaging  in  private  practice  in  this  city.  This  partnership  con- 
tinued for  three  years  or  more.  Besides  the  local  work,  a  contract 
was  secured  and  carried  out  for  the  survey  of  several  townships  of 
public  land  on  the  St.  Louis  River  in  this  State.  In  1876  the  part- 
nership was  dissolved.  Mr.  Miller  engaged  with  the  Great  North- 
ern road,  where  he  afterwards  reached  the  position  of  chief  engi- 
neer, and  Mr.  Johnson  again  went  to  the  Wisconsin  Central  as 
division  engineer  on  construction  work  in  Northern  W^isconsin. 

Some  time  previous  to  this,  or  in  1874,  the  United  States  Engi- 
neer Department  made  extensive  surveys  for  the  contemplated 
reservoir  system  at  the  headwaters  of  the  [Mississippi,  and  Mr. 
Johnson  was  appointed  assistant  engineer  and  placed  in  charge  of 
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one  of  the  several  parties  that  were  sent  out.  This  work  lasted  for 
one  season  only. 

During  the  year  1877  he  was  located  at  Eau  Claire,  Wis.,  in 
superintending  the  construction  of  a  dam  across  the  Chippewa 
River.  This  work  was  built  by  contract,  and  Mr.  Johnson  occupied 
the  position  of  engineer  or  overseer  for  the  owners.  The  object  of 
this  work  was  the  improvement  of  the  water  power  for  milling  pur- 
poses, and  to  create  a  millpond  for  the  storage  of  logs. 

In  1878  and  1879  he  was  again  on  river  and  harbor  work,  as 
assistant  engineer,  in  the  construction  of  wing  dams  between  St. 
Paul  and  Prescott,  and  also  in  charge  of  another  extensive  reservoir 
survey.  At  that  time  Major  Farquhar  was  United  States  Engineer 
in  charge  of  Government  work 

About  this  date  the  country  began  to  recover  from  the  stagna- 
tion which  had  existed  for  several  years,  and  a  wonderful  era  of 
railroad  building  commenced  such  as  this  northwestern  country  has 
never  witnessed  before  or  since.  It  would  be  interesting,  if  appro- 
priate, to  note  some  of  the  progress  made  during  that  period.  Mr. 
Johnson  located  and  built  the  Browns  Valley  branch  of  the  Great 
Northern  system,  a  road  40  miles  in  length.  There  is  a  station  on 
that  line  named  after  him.     This  was  m  1880. 

Next  he  was  with  the  Milwaukee  and  St.  Paul  road  in  Iowa 
for  over  a  year;  at  first  engaged  in  the  location  of  new  lines,  and 
then  as  resident  engineer  in  charge  of  the  construction  of  60  miLs 
of  very  heavy  work  west  of  Des  Moines. 

This  was  the  conclusion  of  Mr.  Johnson's  experience  as  a  rail- 
road engineer.  So  far  in  his  lifetime  he  had  been  mostly  engaged  in 
that  class  of  work,  and  though  his  prospects  were  bright  for  further 
and  continuous  employment,  he  was  able  to  do  better  in  another 
direction.  He  had  made  a  reputation  and  was  known  as  an  excel- 
lent engineer,  both  on  location  and  construction ;  and,  furthermore^ 
he  had  a  great  liking  for  the  work,  although  he  had  experienced 
his  share  of  the  ups  and  downs  of  that  precarious  business.  For 
some  time  previous  to  this  it  had  been  his  desire  to  go  further  west 
and  to  acquire  experience  in  mountain  work,  for  he  saw  that  a 
period  of  great  activity  in  railroad  building  was  about  to  commence 
in  the  Rocky  Mountain  and  Pacific  States  which  wo.uld  probably 
continue  for  several  years.  ■  But  it  was  with  him  as  it  is  with  others  ; 
in  spite  of  all  one  can  do  his  life  is  apt  to  be  governed  by  circum- 
stances. It  is  sometimes  asserted,  and  it  may  be  true  or  not,  that 
an  engineer  need  not  try  for  anything,  but  must  accept  whatever 
comes  his  way.  It  was  not  for  Mr.  Johnson  to  become  skilled  or 
experienced  in  mountain  location,  but  to  engage  in  an  altogether 
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different  line  of  work,  and  for  which  he  was  well  qualified.  He 
was  afterwards  able  to  refuse  an  offer  from  the  Canadian  Pacific 
Company.  The  best  portion  of  his  life  was  about  to  commence. 
He  was  yet  to  accomplish  his  greatest  work  as  an  engineer,  for  at 
that  time  he  entered  the  service  of  the  United  States  Engineer 
Department,  where  he  remained  during  the  rest  of  his  life,  a  period 
of  seventeen  years.  He  soon  became  closely  identified  with  the 
reservoir  system  at  the  headwaters  of  the  Mississippi  River,  and  if 
a  history  of  that  great  work  should  ever  be  written  his  name  would 
be  placed  prominently  to  the  front. 

Mr.  Johnson's  work  in  Iowa  was  not  entirely  completed  when 
he  was  invited  by  ]\Iajor  Charles  J.  Allen  to  take  charge  of  the 
improvements  at  St.  Anthony  Falls.  For  several  years  previously 
the  general  Government  had  been  expending  large  sums  of  money 
to  preserve  the  falls,  and  the  part  executed  by  Mr.  Johnson  was  the 
conclusion  of  the  work. 

After  the  apron  was  built,  long  before  this,  the  river  bottom 
scoured  rapidly,  until  the  water  was  over  60  feet  deep.  Great 
quantities  of  rock  had  been  thrown  in  from  time  to  time,  as  riprap, 
which  proved  inadequate  as  a  protection.  It  was  all  washed  away 
in  time  of  freshets.  An  examination  made  in  1882  showed  the 
apron  to  be  in  a  dangerous  condition.  The  water  was  over  40  feet 
deep  at  the  toe,  where  it  had  recently  been  filled  to  the  surface  with 
riprap ;  large  masses  of  crib  work  under  the  apron  had  been  carried 
out,  and  the  apron  itself  had  settled  badly.  The  problem  now  was 
how  to  prevent  this  scour  of  the  bottom  and  the  undermining  of  the 
apron.  Riprap  could  not  be  depended  upon.  Something  heavier 
and  more  durable  was  required.  About  one-third  of  the  water 
passing  over  the  falls  was  concentrated  at  the  angle  of  the  apron, 
and  protection  at  that  point  was  the  most  urgent.  The  following 
plan  was  decided  upon  and  carried  out :  First,  two  cribs  were 
built  and  sunk  under  the  foot  of  the  apron,  to  serve  as  a  support  and 
to  replace  those  which  had  been  washed  away.  One  of  them  was 
26  feet  wide,  67  feet  long  and  28  feet  deep,  filled  with  rock.  Next 
a  portion  of  the  river  bed  90  feet  square  in  the  angle  was  leveled 
up  with  rock,  until  the  water  was  exactly  24  feet  deep.  This  was 
a  foundation  for  the  work  which  followed.  A  crib  was  now  built 
in  the  river  near  to  the  place  required.  This  was  80  feet  square 
and  6  feet  high,  constructed  of  heavy  timber  and  well  bolted  to- 
gether. When  completed  it  was  floated  to  its  position  in  the  angle, 
filled  compactly  with  rock,  thoroughly  grouted  and  covered  with  a 
heavy  flooring.  A  curbing  of  plank  16  feet  high  and  watertight 
was  now  built  upon  the  crib,  braced  from  the  interior,  and  the 
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whole  structure  was  then  sunk  to  its  place  on  the  river  bottom  by 
admitting  water  through  the  gates  at  the  corners  of  the  curbing. 
After  it  had  reached  its  foundation  the  curbing  was  detached,  and 
large  quantities  of  heavy  stones  were  placed  around  it  to  hold  it  in 
position. 

Mr.  Johnson  was  engaged  on  this  work  nearly  a  year.  In  his 
report  of  1883  to  the  chief  of  engineers  Major  Allen  says  that  the 
success  of  the  scheme  was  mainly  due  to  Mr.  Johnson's  skillful 
management.  A  description  of  the  plan  and  its  execution  was 
afterwards  read  by  Mr.  Johnson  before  this  Society,  and  was  pub- 
lished, with  illustrations,  in  the  Association  Journal  of  July,  1888. 

When  the  work  at  St.  Anthony  Falls  was  completed  Mr.  John- 
son was  sent  to  Grand  Marais,  on  Lake  Superior,  where  he  re- 
mained until  the  close  of  the  season  directing  the  improvements  of 
that  harbor,  which  consisted  mainly  of  crib  work  and  dredging. 

Two  years  or  so  previous  to  this  work  on  the  reservoir  sys- 
tems had  been  inaugurated  by  the  general  Government,  and  two  of 
the  dams  of  that  system  were  just  completed, — those  at  Winni- 
bigoshish  and  Leech  Lakes.  The  object  of  these  dams  is  the 
storage  of  enormous  quantities  of  water  collected  during  the  spring 
and  early  summer,  to  be  systematically  released  so  as  to  benefit  navi- 
gation below  the  dams  and  as  far  down  the  river  as  Lake  Pepin 
during  times  of  drouth  and  low  water. 

A  third  dam  was  about  to  be  commenced  at  Pokegama  Falls, 
near  Grand  Rapids,  which  was  to  serve  as  a  distributing  reservoir 
for  the  water  coming  down  from  the  two  dams  above,  which,  to- 
gether with  the  Pokegama  dam,  have  a  storage  capacity  of  over 
80,000,000,000  cubic  feet  of  water.  Mr.  Johnson  was  given  sole 
charge  of  the  work,  and  remained  there  a  year  or  over  until  it  was 
completed.  This  dam  was  built  of  timber  on  a  rock  foundation, 
and  is  about  200  feet  in  length  and  14  feet  high. 

His  next  work  was  the  Pine  River  dam,  the  fourth  one  of  the 
system  to  be  built.  Pine  River  is  a  tributary  of  the  Mississippi, 
entering  just  above  Brainerd.  The  object  of  this  dam  was  simply 
to  create  an  additional  storage  of  water,  which  is  7,000,000,000 
cubic  feet.  Its  whole  length,  including  crib  work,  dikes  and 
embankments,  is  1500  feet,  with  a  lift  of  17  feet.  The  dam  itself 
at  the  river  is  235  feet  long  and  26  feet  wide,  built  of  cribs,  filled 
with  stone  and  all  resting  on  a  pile  foundation.  It  contains  fourteen 
sluices  and  gates.  There  is  a  trench  in  the  foundation  reaching 
across  the  river  which  is  14  feet  deep,  filled  with  clay  and  capped 
with  concrete.  Supplementary  to  this  work  a  dike  was  built  at  the 
south  end  of  White  Fish  Lake,  which  is  a  part  of  Pine  River  reser- 
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voir.  Tliis  dike  is  167  feet  long,  13  feet  high  and  10  feet  wide  on 
top,  with  slopes  of  three  to  one,  and  all  of  it  riprapped. 

For  the  next  five  years  no  new  work  was  commenced,  owing 
to  a  lack  of  appropriations,  and  during  that  time  Mr.  Johnson  had 
general  charge  of  the  whole  reservoir  system.  In  pursuit  of  his 
duties  he  visited  all  of  the  dams  as  occasion  required,  attending  to 
whatever  repairs  were  necessary,  but  mainly  concerned  with  their 
operation. 

To  render  the  Pokegama  dam  and  the  two  others  above  more 
•effective  it  became  necessary  to  build  a  fifth,  the  one  at  the  mouth 
of  Sandy  Lake  River.  This  dam  creates  an  additional  storage  of 
Avater,  but  its  main  object  is  to  prevent  the  Pokegama  discharge 
from  backing  up  into  Sandy  Lake  and  spreading  over  a  large 
extent  of  country,  instead  of  reaching  its  destination  below  St.  Paul. 
The  Sandy  Lake  dam  is  one  of  the  most  important  of  the  system, 
acting  as  a  supplement  to  those  above,  although  it  is  only  12  feet 
high.  It  is  built  of  crib  work,  filled  with  stone,  on  a  pile  founda- 
tion. There  are  six  sluices  and  a  navigable  pass  or  lock  40  feet 
wide  and  249  feet  long  for  the  passage  of  steamboats.  The  work 
was  commenced  in  1891,  and  Mr.  Johnson  was  stationed  there  two 
years  or  over,  but  at  the  same  time  retaining  his  supervision  over  all 
the  other  reservoirs. 

Xo  other  dams  have  been  built  since  that  at  Sandy  Lake, 
although  a  large  number  more  are  contemplated.  From  this  time 
on  Mr.  Johnson  usually  spent  his  summers  in  the  northern  country 
-wherever  his  presence  was  required,  and  the  winter  seasons  at 
office  work  in  St.  Paul. 

The  last  river  and  harbor  bill  contained  a  large  appropriation 
for  repairing  the  two  dams  first  constructed,  and  early  in  the  past 
summer  he  made  what  proved  to  be  his  last  journey  to  the  reser- 
voirs to  superintend  the  work.  All  of  the  summer  and  a  part  of  the 
autumn  he  was  at  Winnibigoshish  rebuilding  the  superstructure  of 
that  dam.  While  so  engaged  he  was  suddenly  stricken  with  typhoid 
fever  in  the  latter  part  of  September,  and,  though  he  was  brought 
to  St.  Paul  and  everything  possible  done  for  him,  his  constitution, 
which  had  been  impaired  by  the  hardships  and  exposures  of  his 
earlier  life,  could  not  withstand  the  severity  of  the  fever,  and  he 
died  October  3.  after  a  short  period  of  sickness. 

So  ended  an  active  life  of  over  thirty-two  years'  duration,  the 
first  fifteen  of  which  was  mostly  devoted  to  the  laborious  business 
of  a  railroad  engineer  and  the  latter  part  to  some  of  the  most 
important  Government  work  that  has  been  done  in  Minnesota. 
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From  his  first  river  and  harbor  work  in  1874  to  his  death  was 
a  period  of  twenty-five  years,  during  which  he  was  associated  with 
four  United  States  army  engineers.  At  first  Colonel  Farquhar, 
then  with  Major  Charles  J.  Allen;  next  for  eight  years  with  Major 
W.  A.  Jones,  and  lastly  with  Major  F.  V.  Abbot,  all  of  whom  he 
served  faithfully  and  well.  During  most  of  this  time  he  occupied 
as  high  a  position  as  a  civilian  can  attain  in  the  Government  service. 

In  May,  1870,  he  was  married  to  Miss  Marion  Bliss,  of  Ann 
Arbor,  whom  he  first  met  when  a  student  at  Michigan  University. 
His  only  child,  a  son,  died  about  three  years  ago,  in  his  twenty- 
fourth  year.     His  widow  survives  him. 

Mr.  Johnson  was  an  active  and  interested  member  of  this 
Society,  and  did  his  share  of  literary  work  and  often  engaged  in 
the  discussions.  He  was  not  a  charter  member,  because  he  was  at 
Grand  Marais  when  the  Society  was  organized,  but  he  became  con- 
nected at  his  earliest  opportunity.  His  first  paper  was  on  the 
"Preservation  of  the  Apron  at  St.  Anthony  Falls,"  and  was  pub- 
lished in  the  Journal.  Four  years  ago  he  read  another  on  "The 
Bear-Trap  Gates  at  Sandy  Lake  Reservoir."  This  was  printed  in 
the  Journal  of  June,  1896,  and  formed  one  of  a  series  of  eight  very 
able  papers  written  by  United  States  engineers,  civil  and  military, 
on  the  suljject  of  "American  Hydraulic  Gates,  Weirs  and  Movable 
Dams." 

It  is  not  a  difificult  task  to  estimate  Air.  Johnson's  standing  as 
an  engineer,  or  to  give  a  presentation  of  his  personal  character. 
There  can  be  but  one  opinion  about  the  first,  which  must  be  founded 
upon  his  long  and  creditable  record.  He  was  easily  understood  by 
those  who  knew  him  best,  for  his  traits  of  character  were  strongly 
defined ;  and  he  was  a  man  who  always  passed  for  just  what  he  was, 
no  more  and  no  less.  His  positive  convictions,  always  expressed 
without  fear,  together  with  his  sincerity  and  earnestness,  which 
were  predominating  features  with  him,  precluded  any  analysis  of 
his  character  but  the  correct  one.  This  opinion  of  him  was  enter- 
tained by  all  those  who  had  his  acquaintance,  for  he  impressed  all 
alike  with  his  individuality.  He  possessed  one  faculty  in  par- 
ticular which  was  marked  and  unusual,  the  power  of  making 
friends,  and,  what  is  better,  of  keeping  them.  During  his  whole 
lifetime,  wherever  he  was  located  or  whosoever  he  was  associated 
with,  he  was  well  liked  and  popular.  The  number  of  his  friends 
was  limited  by  that  of  his  acquaintances. 

Mr.  Johnson  was  an  engineer  in  every  sense  of  the  word. 
There  are  always  three  requisites  necessary  to  make  an  engineer: 
Good  practical  sense  and  judgment,  the  proper  education  and  ex- 
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pericnce.  He  possessed  all  of  them  to  an  unusual  degree,  for  he 
was  a  man  of  excellent  judgment  in  his  work,  careful  and  with 
correct  opinions.  He  had  received  a  first-rate  mathematical  and 
technical  education,  and.  without  in  any  way  being  a  bookworm, 
was  always  a  student,  lie  was  well  read  and  informed  outside  of 
his  profession,  antl  with  his  friends  was  an  intelligent  conversa- 
tionalist. His  small  l)ut  well-selected  library  contained  such 
works  as  Stoney's  "Theory  of  Strains,"  a  French  edition  of  Morin's 
"Hydraulics,"  Peirce's  "Analytical  Mechanics,"  the  masterpiece  of 
America's  greatest  mathematician ;  Hardy's  "Quaternions"  and 
Darwin's  "Descent  of  Man"  and  "Origin  of  Species." 

As  we  have  seen,  his  experience  was  varied  and  extensive.  He 
was  successful  in  whatever  he  undertook.  He  had  little  to  do  with 
commonplace  or  routine  work,  but  was  always  connected  with  some- 
thing of  magnitude  and  importance,  and  his  name  is  invariably  asso- 
ciated with  work  of  that  character. 

During  his  wdiole  professional  life  he  was  a  man  who  stood 
solely  on  his  own  merit.  He  never  obtained  or  held  a  position 
except  by  tiiat  one  virtue;  he  was  never  aided  in  any  manner  by 
favoritism  or  influence,  political  or  otherwise.  There  was  nothing 
of  the  wire-puller  or  politician  in  his  makeup.  He  started  out  in 
life  with  the  idea  that  whatever  success  was  in  store  for  him  must 
be  a  result  of  his  own  professional  ability  and  competency,  and  he 
always  retained  that  idea.  I'erhaps  he  did  not  take  sufficient  note 
of  tact,  or  policy  or  of  personality  as  elements  of  success.  He 
invariably  gave  the  fullest  satisfaction  to  those  he  served,  and  they 
in  turn  were  ready  to  recall  him  should  occasion  require  it.  He 
was  always  known  as  a  competent  engineer,  perfectly  able  to 
accompli.sli  whatever  he  undertook,  and  a  most  reliable  and  substan- 
tial man. 

There  was  nothing  pretentions  in  his  manner,  and  any  narrow 
trait  was  foreign  to  his  character.  Though  he  was  far  from  over- 
estimating his  own  ability,  he  was  conscious  of  his  real  worth,  and 
careful  and  jealous  of  his  reputation.  In  this  city  his  acquaintance 
was  confined  in  a  great  measure  to  the  engineering  fraternity  and 
to  those  who  come  in  contact  with  that  class  of  men,  but  in  the 
northern  part  of  the  State  he  was  widely  known.  He  w^as  never  in 
a  public  or  conspicuous  position,  and  had  no  newspaper  reputation 
whatever.  His  w'ork  was  always  at  a  distance,  away  from  the 
public  gaze,  and  could  not  receive  that  appropriate  attention  which 
it  deserved.  It  might  be  said  of  him  with  regret,  and  it  would  be 
true  of  all  engineers,  that  he  and  his  work  were  too  little  known 
outside  of  his  immediate  circle. 
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Nevertheless,  he  was  an  ideal  representation  of  the  true  engi- 
neer, for  he  belonged  to  that  class  who  elevate  the  profession.  His 
name  always  carried  confidence  with  it,  and  was  everywhere  and  at 
all  times  mentioned  with  respect,  because  it  was  synonomous  with 
good  work.  He  was  one  who  went  through  the  world  doing  his 
duty  faithfully,  honestly  and  creditably,  without  noise  or  ostenta- 
tion, and  received  as  a  reward  the  praise  of  his  own  satisfaction  and 
the  esteem  of  his  fellow-men. 
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Address  by  C.  Fr.\nk  Allen,  Retiring  President,  Boston  Society  of  Civil 

Engineers. 


[Delivered  at  the  Annual  Meeting  March  21,  1900*.] 

In  the  by-laws  of  some  of  the  engineering  Societies  of  this 
country  it  is  prescribed  that  the  President  shall  present  an  annual 
address.  For  this  Society  there  is  no  such  requirement ;  neither  can 
there  be  said  to  be  an  unwritten  law  to  this  effect,  for  the  practice 
here  is  not  uniform.  Nevertheless,  it  may  fairly  be  stated  that 
there  is  in  many  quarters  some  expectation  that  the  program  for 
the  annual  meeting  shall  include  an  address  by  the  retiring  Presi- 
dent. That  one  should  be  presented  seems  to  me  desirable.  It  is 
not  uncommon  to  utilize  this  opportunity  for  retrospect  over  some 
part  of  the  broad  field  of  engineering,  while  at  times  an  attempt  is 
made  to  secure  some  outlook  into  the  future;  and  it  is  largely  in 
the  latter  direction  that  your  attention  is  directed  this  evening,  al- 
though this  course  involves  some  consideration  of  the  status  of  the 
engineer  at  the  immediate  present  and  for  the  early  future. 

During  the  last  twenty  years  the  membership  in  the  Boston 
Society  of  Civil  Engineers  has  increased  from  94  to  490,  an  increase 
of  421  per  cent. ;  while  the  population  of  Boston  has  increased  about 
50  per  cent.,  and  that  of  the  State  perhaps  53  per  cent.  During  the 
same  time  the  membership  in  the  American  Society  of  Civil  Engi- 
neer? shows  a  change  from  599  to  2221,  an  increase  of  271  per  cent., 
while  the  population  of  the  United  States  shows  an  increase  of  only 
about  56  per  cent.  Looking  in  another  direction,  the  number  of 
graduates  in  civil  engineering  from  a  well-known  engineering  col- 

*Manuscript  received  March  31,  1900. — Secretary,  Ass'n  of  Eng.  Sees. 
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lege  in  Boston  has  increased  192  per  cent.,  the  average  for  the 
period  1870  to  1879  being  8.5,  and  for  1890  to  1899  being  24.8. 
From  the  same  institution  of  learning  the  total  number  of  graduates 
in  engineering,  including  civil,  mechanical  and  mining,  was  17  in 
1879;  the  total  of  graduates  in  engineering  in  1899,  including 
students  in  civil,  mechanical,  mining,  electrical  and  chemical  engi- 
neering and  in  naval  architecture,  was  126,  an  increase  of  641  per 
cent. 

There  can  be  no  reasonable  doubt,  especially  in  view  of  the 
figures  quoted,  that  the  number  of  civil  engineers  has,  in  twenty 
years,  increased  in  a  measure  far  beyond  the  increase  in  population 
during  the  same  time.  To  what  cause  shall  we  attribute  this  in- 
crease ?  It  is  a  fact  well  recognized  in  transportation  matters  that 
improved  or  increased  facilities  are  met  by  a  definite  and  generally 
an  emphatic  response  in  the  way  of  patronage.  Changes  from 
horse  cars  to  electric  or  cable  lines,  to  elevated  or  to  underground 
lines,  are  met  in  each  case  by  increased  travel  to  an  extent  that  has 
evident  relation  to  the  extent  of  the  improvement  in  the  quality  and 
quantity  of  transportation  offered.  In  trade  an  improved  product 
of  any  sort  prompts  an  increased  demand.  So  with  the  engineer, 
an  improved  quality  of  engineer  creates  for  itself  a  demand  greater 
than  before  existed.  This  is  exemplified  most  fully  probably  in 
the  case  of  the  electrical  engineer,  who  had  hardly  come  into  being 
twenty  years  ago.  The  discoveries  as  to  the  possibilities  of  elec- 
tricity for  practical  uses  and  the  perfection  of  apparatus  for  using 
power  electrically  transmitted  have  been  the  work  of  the  electrical 
engineers,  who  have  thus  almost  absolutely  created  the  opportuni- 
ties which  have  been  used  to  still  further  enlarge  the  field  open  to 
electrical  engineers.  In  a  similar  fashion  in  transportation,  the 
improvements  in  transportation  facilities  have  been  largely  the  work 
of  engineers.  The  increased  patronage  results  in  a  demand  for 
transportation  facilities  greater  in  quantity,  and  of  a  quality  rec[uir- 
ing  often  a  higher  order  of  engineering  ability  than  seemed  adequate 
before ;  and  so  the  engineer  in  transportation  extends  the  opportuni- 
ties open  to  himself  and  to  his  fellows  alike.  Here,  too,  the  im- 
proved quality  of  engineer  brings  about  the  increased  demand.  In 
municipal  and  sanitary  engineering  the  influences  can  likewise  be 
traced.  The  higher  standards  of  the  communities  as  to  sanitary 
matters,  which  engineers  have  done  their  full  share  to  create,  and 
the  more  perfect  means  of  securing  better  sanitary  results,  for  which 
the  engineer  is  mainly  responsible,  have  led  to  the  adoption  of 
desirable,  now  almost  necessary,  sanitary  improvements  which 
could  not  have  been  effected  except  through  the  existence  of  the 
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higher  standard  and  through  the  possibility  of  securing  works  more 
effective  for  the  desired  end.  At  an  important  investigation  within 
tlie  last  twenty  years  a  question  was  raised  as  to  the  possibility  of 
determining  by  mathematical  analysis  the  adequacy  of  a  certain 
detail  of  construction  then  under  discussion.  Among  several  ques- 
tioned one  engineer  only  was  familiar  with  the- method  which  would 
yield  correct  results.  \\'ith  reasonable  promptness  this  man  was 
called  to  fill  an  important  position,  the  necessity  for  which  had  not 
previously  been  apparent.  To  a  very  considerable  extent  the  engi- 
neer does  create  in  such  ways  his  own  opportunities. 

If,  then,  we  may  consider  it  established  that  the  demand  for 
engineers  is  in  large  part  due  to  the  fact  that  wc  have  in  our  engi- 
neers of  to-day  a  better  product  than  we  had  in  those  of  twenty 
years  ago,  in  what  does  the  improvement  consist?  It  can  hardly  be 
claimed,  seriously,  that  so  marked  an  improvement  shall  have 
occurred  in  the  native  ability  of  the  young  men  of  this  country  in  a 
space  of  time  quite  within  a  single  generation.  It  is,  however, 
possible  and  rather  more  than  probable  that  more  young  men  of 
superior  ability  have  of  late  been  attracted  to  the  pursuit  of  engi- 
neering occupations.  This  fact,  if  it  be  one,  is,  however,  not 
antagonistic  to  the  further  proposition  that  the  product,  the  engi- 
neer, has  improved  in  quality  partly  because  of  his  superior  train- 
ing in  those  things  which  are  fundamental  to  correct  engineering 
practice  and  partly  because  it  has  been  possible  for  him  to  acquire 
a  wider,  fuller  knowledge  of  facts  and  methods  employed  in  engi- 
neering; these  two  factors,  theory  and  experience,  combining  wath 
natural  aptitude  to  furnish  the  finished  product,  the  true  engineer. 

Among  the  influences  which  have  contributed  to  the  improved 
quality  of  engineers,  perhaps  the  most  important  are  the  engineer- 
ing college  and  the  engineering  society.  Probably  the  first  in  im- 
portance in  its  influence  upon  the  engineering  profession  is  the 
engineering  college.  There  is  required  for  the  successful  engineer, 
as  suggested  above,  first,  natural  aptitude  and  capacity ;  to  this  must 
be  added,  second,  a  foundation  training  in  theory  requisite  for  the 
handling  of  engineering  problems  likely  to  come  to  the  engineer  for 
solution,  and  this  must  be  supplemented  by,  third,  experience,  or 
a  knowledge  of  facts,  methods  and  details  that  are  essential  for  the 
proper  treatment  or  solution  of  such  problems.  That  the  engineer- 
ing college  should  furnish  all  of  this  is  neither  to  be  expected  nor  is 
it  desirable.  The  experience  necessary  can  be  furnished  neither  in 
quality  nor  in  proper  quantity  by  it.  Its  most  important  function 
is  in  the  direction  of  doing  for  the  student  those  things  which  can 
be  accomplished,  if  at  all,  with  greater  difficulty  outside  the  engi- 
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neering  college.  In  this  way  it  must  secure  to  the  prospective 
engineer  a  suitable  kiKDwledge  of,  and  a  thorough  training  in, 
theoretical  work,  and  this  is,  in  fact,  the  work  primarily  under- 
taken by  these  educational  institutions.  It  is  found,  however,  that 
with  most  mortals,  as  directly  regards  theory,  training  of  the  proper 
sort  is  secured  with  difficulty,  or  not  at  all,  unless  the  application  of 
theory  to  practice  is  closely  established.  It  is  further  found  by 
these  engineering  colleges  that  a  training  in  theory  is  of  little  value 
to  the  would-be  engineer,  unless  he  can  somehow  be  put  into  a 
position  where  he  can  secure  that  additional  experience  necessary 
to  make  him  in  a  full  sense  an  engineer.  In  order  to  secure  for  its 
graduates  who  are  well  grounded  in  theory,  positions  in  engineer- 
ing work  where  experience  of  the  proper  sort  and  amount  can  after- 
wards be  secured,  it  is  found  desirable  and  necessary  to  give  to  the 
student  a  knowledge  of  the  facts,  materials  and  methods  of  engi- 
neering sufficient  to  furnish  an  experience  which  shall  unite  with 
his  theory  in  making  him  at  graduation,  in  some  sense  already  an 
engineer,  sufficiently  so  that  he  becomes  at  once  of  some  immediate 
value  to  his  engineer  employer,  and  in  many  cases  with  only  brief 
additional  experience  a  valued  member  of  an  engineering  corps. 
However  much  opportunity  there  may  be  for  improvement  in  their 
management,  it  is  substantially  an  established  fact  that  the  best 
engineering  colleges  do  at  present  furnish  graduates  who  are  pre- 
pared sufficiently  well  so  that  engineering  employers  (non-gradu- 
ates as  often  as  graduates)  generally  employ  technically  educated 
young  assistants  simply  as  a  matter  of  course. 

It  should  be  recognized,  however,  that  the  value  of  the  technical 
graduate  depends  not  altogether  upon  the  education  which  has  been 
given  him.  Another  factor  not  always  appreciated  is  that  the 
engineering  graduates  are  men  carefully,  and  through  a  long  proc- 
ess, selected  as  to  native  ability.  The  boy  in  the  country  village 
who  has  shown  some  taste  for  mathematics  and  some  aptitude  in  a 
mechanical  or  constructive  direction  is  not  only  the  boy  by  nature 
fitted  to  become  an  engineer,  but  is  probably  the  boy  for  whom  an 
engineering  education  becomes  more  than  a  suggestion, — becomes 
a  most  welcome  reality.  It  not  infrequently  happens  in  this  way 
that  the  boy  who  thirty  years  ago  entered  mercantile  pursuits  rather 
than  incur  the  burden  of  a  college  education  in  the  direction  of 
languages  and  literature,  for  which  he  had  no  marked  taste,  now 
sees  his  way  clear  to  secure  an  engineering  education  whose  out- 
come seems  to  offer  satisfaction  as  a  general  liberal  education,  as 
well  as  to  promise  immediate  and  agreeable  business  opportunity. 
As  an  alternative  the  college  of  engineering  tends  somewhat  to 
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divert  from  these  colleges  granting  the  A.B.  degree  many  promising 
students  whose  ability  to  reason  develops  a  taste  for  mathematics, 
for  mechanics,  for  chemistry,  and  fails  to  attract  those  students 
whose  more  perfect  memory  and  lack  of  scientific  taste  naturally 
lead  to  the  study  of  language,  of  literature,  of  history.  The  engi- 
neering college  does  more,  however,  in  sifting  out  the  chaft  from  the 
wheat,  for  of  those  who  present  themselves  for  entrance  examina- 
tions it  may  happen  in  some  colleges  that  only  about  one-third  find 
it  possible  to  reach  the  point  of  graduation,  although  not  all  of  the 
two-thirds  who  drop  out  do  so  from  lack  of  ability  or  failure  in 
performance  of  their  duties.  At  the  present  time,  then,  it  must  be 
true  that  the  graduates  in  engineering  are,  on  the  whole,  a  selected 
class,  both  from  the  point  of  view  of  natural  ability  and  thorough- 
ness in  training.  In  addition,  the  graduate  should  have  acquired 
habits  of  earnestness,  the  power  of  concentration  and  the  ability  to 
attack  new  problems. 

It  should  not,  however,  be  hastily  assumed  that  the  man  sifted 
out  during  the  process  of  education  is  to  be  a  failure  as  an  engineer. 
Sometimes  through  an  aptitude  for  mastering  the  practical  details 
of  engineering  and  the  possession  of  a  large  degree  of  what  is  often 
described  as  horse  sense ;  sometimes  by  virtue  of  natural  ability 
obscured  by  the  tardy  development  which  sometimes  characterizes 
whole  families;  sometimes  because  the  natural  ability  which  exists 
has  not  been  supplemented  by  adequate  teaching  in  preparatory 
schools ;  sometimes  because  a  consciousness  of  a  failure  to  have 
improved  his  opportunities  at  last  acts  as  a  spur  to  a  young  man 
who  has  at  first  failed  to  realize  the  mettle  that  is  in  him;  from 
some  cause  or  another,  it  frequently  happens  that  the  non-graduate 
who  drops  out  at  the  wayside  does  outdistance  his  classmate  gradu- 
ates.    This,  however,  must  be  the  exception  to  the  rule. 

Neither  should  it  be  assumed  that  by  way  of  the  engineering 
college  is  the  only  path  to  success  in  engineering.  It  would,  in  my 
judgment,  be  unfortunate  if  this  were  true.  Within  the  field 
covered  by  the  general  membership  of  this  Society  many  of  the  most 
important  works  have  been  designed  and  constructed  by  engineers 
not  thus  educated.  To  the  young  man  of  natural  ability  and  apti- 
tude more  than  one  road  to  engineering  success  is  and  will  be 
practical)le.  Success  comes  to  such  engineers  in  most  cases,  how- 
ever, by  virtue  of  the  acquirement  by  them  at  some  time  and  in 
some  way,  of  those  principles  underlying  the  science  of  engineering 
which  could  more  readily  have  1)een  acciuired  in  the  engineering 
college  if  its  advantages  had  at  that  time  been  open  to  them. 
Most  of  these  self-trained  successful  engineers  are,  however,  to-day 
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the  first  to  recommend  to  others  the  education  offered  by  the  engi- 
neering college,  as  well  as  the  first  to  secure  for  assistants  engineer- 
ing graduates  when  it  is  possible  to  do  this.  Of  engineering 
education  it  has  sometimes  been  said  that  the  value  of  the  instruc- 
tion given  by  a  teacher  is  measured  by  the  amount  of  individual 
eff"ort  required  from  the  student.  It  has  also  been  thought  by  some 
that  the  instructor  can  do  little  in  the  way  of  direct  teaching.  His 
results  are  reached  by  setting  the  student  at  work,  the  instructor's 
function  being  only  to  properly  direct  the  student's  eft'orts.  If 
these  propositions  be  true,  and  they  are  certainly  not  entirely  in 
error,  the  self-trained  engineer,  with  less  of  teaching-  and  more  of 
personal  effort,  travels  a  far  more  rugged  road ;  but,  if  finally  suc- 
cessful, has  often  developed  a  mental  fiber,  has  secured  an  origi- 
nality and  a  fertility  of  resource  and  has  come  into  possession  of  a 
proper  self-confidence  as  to  his  ability  to  master  obstacles ;  qualities 
all  of  them  well-nigh  essential  to  the  engineer,  and  which  under 
indifferent  formal  teaching  in  the  college  might  fail  to  receive 
proper  cultivation.  If  it  shall  happen  in  some  instances  that  the 
graduate  feels  that  his  goal  is  reached  and  further  study  imneces- 
sary.  in  this  case,  too.  the  self-trained  engineer,  by  slower  process, 
may  readily  rim  abreast  and  soon  after  far  outstrip  the  graduate. 
In  my  judgment,  then,  it  is  quite  luisafe.  and  will  continue  to  be  so, 
to  assume  that  a  failure  to  have  attended  an  engineering  college  is  a 
proper  point  of  criticism  against  an  engineer  in  individual  cases. 
Nevertheless,  for  the  future  the  opportunities  for  employment  and 
development  for  oftice-trained  or  self-trained  engineers  will  be  far 
less  favorable  than  in  the  past,  and  the  better  positions  will  be 
mostly  held  by  the  graduates  of  our  engineering  colleges.  In  any 
case,  the  standard  of  acquirement  necessary  for  the  successful  self- 
educated  engineer  will  be  largely  determined  by  the  curriculum  of 
the  engineering  colleges. 

Second  probably  in  importance  are  the  engineering  societies, 
which  serve  several  important  functions.  Through  their  medium 
the  experience  of  one  becomes  in  many  cases  the  experience  of 
many.  In  the  papers  presented  before  the  various  societies 
of  engineering,  among  which  may  with  some  propriety  be  in- 
cluded water  works  associations,  railroad  clubs  and  highway  asso- 
ciations, at  present  the  tendency  is  to  the  description  of  methods 
and  facts  connected  with  engineering  construction,  rather  than  to 
the  discussion  of  advanced  mathematical  theories.  So  far  as  this 
is  considered  an  important  function  of  the  engineering  society,  it 
serves  admirably  to  supplement  the  engineering  college  by  furnish- 
ing in  an  excellent  way  nnich  of  that  experience  which  is  necessary 
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to  the  young'  man  before  the  term  engineer  can  properly  and  fully 
be  applied  to  him.  That  many  of  the  papers  read  call  attention  to 
well-established  theory  adapted  to  new  features  of  practice,  and  that 
new  points  of  theory  will  be  connected  with  successful  practice, 
goes  without  saying.  It  is  true  also  that,  first  and  last,  m^ny 
papers,  as  a  matter  of  fact,  are  strong  expositions  of  mathematical 
theory  in  advanced  or  unusual  fields  of  inquiry.  The  efifect  of  the 
engineering  society,  however,  in  increasing  the  abilities  of  its  mem- 
bers is  not  to  be  measured  altogether  by  the  value  of  the  papers 
presented.  Who  shall  say  how  much  is  gained  by  the  power  of 
absorption  by  one  who  finds  himself  in  the  engineering  atmosphere 
which  prevails  in  the  meeting  or  the  excursion,  at  the  "engineers' 
table""  or  in  casual  meeting  on  the  street  or  train?  How  shall  we 
measure  the  gain  that  comes  from  opportunity  to  observe  the  atti- 
tude or  habit  of  mind  of  various  engineers  towards  an  engineering 
question  under  discussion  ?  What  measure  of  good  to  engineering 
in  general,  as  well  as  to  the  individual  engineer,  comes  from  the 
fact  that  the  younger  engineer  has  an  opportunity  to  impress  upon 
the  older  engineers  the  ability  which  might  otherwise  be  much 
longer  hid  under  the  bushel?  What  from  the  opportunity  that  is 
given  to  the  chief  engineer  of  new  work  to  have  tested  something 
of  the  caliber  of  the  young  man  who  is  a  possible  assistant?  Is  it 
easy  to  estimate  the  good  that  comes  to  engineering  when  engineers 
are  ready  either  in  the  meeting  or  in  the  office  for  an  interchange  of 
knowledge  of  facts  or  experience  in  minor  matters,  or  are  prepared 
to  recommend  the  employment  of  their  neighbor  as  consulting  engi- 
neer when  extended  investigation  or  completeness  of  design  is 
required?  To  what  extent  do  individuals  exert  themselves  in  the 
interests  of  another  who  has  been  the  victim  perhaps  of  political 
discrimination,  doing  this  as  a  matter  of  professional,  rather  than 
personal,  friendship?  In  what  measure  is  public  confidence  in 
engineering  stimulated  by  the  existence  of  large  and  well-organized 
associations  of  engineers,  many  of  whom  are  already  widely  known 
as  men  of  superior  ability?  In  various  ways  the  engineering 
society  is  a  powerful  element  for  the  betterment  of  the  engineer 
individually  and  the  advancement  of  engineering  in  general. 

Much  that  has  been  stated  with  relation  to  engineering  socie- 
ties is  also  true  of  the  engineering  periodicals,  many  of  which  are 
doing  work  of  exceptional  value.  Occupying  a  somewhat  dififerent 
field  from  the  society  journal,  the  engineering  periodicals  are  likely 
to  present  contributions  somewhat  more  fragmentary  than  the  publi- 
cations of  the  societies,  but,  on  the  other  hand,  rather  broader  in 
their  scope.     They  reach,  moreover,  many  whose  remote  location 
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serves  to  prevent  attendance  and  even  to  discourage  membership 
in  any  of  the  engineering-  societies.  As  a  commercial  venture  these 
periodicals  naturally  excel  in  enterprise,  and  from  this  cause  also 
contribute  much  to  the  cause  of  engineering  development  and 
progress. 

The  engineer,  ideal  and  actual,  being  substantially  what  the 
conditions  and  opportunities  outlined  above  have  made  him,  being 
such  largely  now  and  to  become  more  fully  so  for  the  early  future, 
what  is  the  outlook?  What  field  is  he  to  occupy?  In  what  will 
this  differ  from  that  now  ready  for  him?  For  what  is  he  especially 
fitted  ? 

To  my  mind  it  will  be  realized  by  the  engineer  and  demanded 
by  his  clients  or  his  employers  not  only  that  the  works  designed  and 
constructed  by  him  shall  be  safe,  convenient  and  appropriate,  but 
also  that  they  shall  be  economical  both  in  cost  of  construction  and  in 
cost  of  operation  if  possible;  but,  in  any  case,  economical  in  the 
resultant  of  these  two  items  if  both  be  not  attainable  together.  The 
client  is  content  to  pay  large  fees  to  the  lawyer  who  either  secures 
for  him  a  large  sum  of  money  or  saves  him  from  paying  heavy 
damages ;  the  patient  feels  deeply  indebted  to  the  physician  who 
saves  his  life  or  relieves  pain.  It  is  too  easy  for  the  client  of  the 
engineer  to  be  conscious  only  of  a  large  outlay  of  money  to  which 
the  engineer's  fee  becomes  an  unwelcome  addition,  a  necessary  evil. 
The  engineer  will  occupy  his  proper  position  before  the  public  and 
with  his  clients  or  employers  only  when  it  is  appreciated  that  money 
is  saved  by  his  employment.  In  other  words,  when  he  is  employed 
not  merely  because  construction  of  any  sort  is  impossible  without 
him,  but  more  directly  because  the  corporation  or  individual  who 
employs  him  cannot  afford  to  do  without  him.  It  will  be  true  in 
the  future  to  a  far  greater  extent  than  in  the  past  that  much  will  be 
demanded  from  engineers  on  the  economic  side,  and  that  engineers 
will  better  appreciate  the  necessity  for  more  efficient  work  in  this 
direction.  A  better  training  in  theory,  the  opportunity  for  a  wider 
knowledge  of  the  experience  acquired  in  any  particular  department 
of  work,  greater  certainty  as  to  the  behavior  of  many  materials  used 
in  engineering;  these  unite  in  making  it  possible  for  designs  to  be 
made  with  less  margin  for  error  or  uncertainty  of  information,  and 
render  possible  greater  regard  for  economy.  The  engineer  of  the 
future  who  is  a  better  product  than  the  engineer  of  the  past  in  this 
particular  will  surely  find  an  increased  demand  for  his  services,  and 
will  render  even  a  greater  service  to  the  world  and  do  his  part  in 
bringing  engineering  to  its  proper  higher  level.  The  higher  posi- 
tion which  the  engineer  is  to  occupy  in  the  future  will  be  due  largely 
to  his  true  worth. 


THE  OUTLOOK  FOR  ENGINEERS.  193 

It  seems  to  me  that  an  entirely  legitimate  field  for  the  exercise 
of  engineering  lies  in  the  work  of  execution  as  distinct  from  the 
design  or  super\-ision  of  construction ;  in  other  words,  in  engineers 
occupying  positions  as  contractors  for  the  carrying  out  of  engineer- 
ing work.  Is  it  not  often  true  that  the  method  of  execution  is  a 
matter  of  as  great  importance  as  the  final  result?  Is  not  the  han- 
dling of  the  work  often  of  greater  difficulty  than  simply  furnishing 
an  adequate  design  for  the  completed  structure?  In  the  case  of 
the  Boston  Subway,  a  problem  of  perhaps  greater  difficulty  than 
merely  securing  a  successful  result  was  the  adoption  of  methods 
which  should  avoid  undue  interference  with  traffic  on  the  streets. 
The  success  of  the  early  modern  cantilever  construction  in  the 
Niagara  bridge  lay  not  merely  in  an  economical  result,  but  equally 
in  the  method  of  construction.  Illustrations  could  be  multiplied 
if  it  were  necessary.  It  goes  without  saying  that  more  economical 
and  better  results  would  generally  be  secured  if  the  more  important 
parts  of  contract  work  were  to  be  performed  by  men  well  trained 
both  in  the  theory  and  practice  of  engineering,  a  training  which 
should  include  a  thorough  understanding  of  the  properties  and 
behavior  of  the  materials  of  engineering,  the  training  which  the 
engineer  of  the  future  must  have.  A  familiarity  with  engineering 
literature  would  often  prove  of  extraordinary  value  to  the  con- 
tractor for  many  classes  of  engineermg  work.  It  is  a  notorious 
fact,  too,  that  many  contractors  now  moderately  successful  in  busi- 
ness have  an  entirely  inadequate  knowledge  of  the  cost  in  detail  of 
the  different  items  entering  into  a  large  contract,  and  are  not  well 
adapted  by  education  to  acquire  ability  in  that  direction.  It  is  now 
quite  common,  as  we  know,  for  contractors  to  consult  engineers  in 
such  matters.  The  better  preparation  possessed  by  the  engineer, 
and  hence  a  superior  ability  for  handling  work,  together  with  a 
more  adequate  knowledge  of  the  probable  cost,  would  lead  to  two 
results  of  importance  to  engineering:  First,  the  actual  cost  of 
work  to  the  contractor  would  be  less,  resulting  in  the  long  run  in 
lower  prices ;  second,  in  fewer  cases  would  the  bids  be  found  im- 
properly low  with  the  attending  difficulty  of  securing  the  proper 
quality  of  work.  The  few  cases  of  actual  saving  from  bids  too  low 
would  be  counterbalanced  by  a  more  even  margin  of  profit  all  along 
the  line.  The  contractor  trained  as  an  engineer  would  by  acquired 
temperament  be  disposed  to  maintain  a  higher  standard  of  perform- 
ance than  is  the  case  with  the  ordinary  contractor.  A  very  high 
standard,  as  we  know,  is  now  maintained  by  many  firms  which  con- 
struct pumping  machinery  under  contract,  as  well  as  by  the  more 
prominent  engineers  who  contract  to  build  bridges  under  definite 
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specifications  and  as  the  result  of  competitive  bids.  Many  other 
examples  will  suggest  themselves.  There  is  no  opportunity  for 
question  as  to  the  fact  that  in  certain  lines  of  engineering  work  the 
engineering  contractors  have  been  among  the  most  able,  the  most 
respected  engineers  in  the  country.  There  is  opportunity  for  engi- 
neers of  high  professional  standards  in  many  other  branches  of 
contract  work  which  are  now  not  altogether,  but  are  yet  too  largely, 
in  the  hands  of  men  skilled  in  handling  men  rather  than  educated 
and  trained  to  the  proper  execution  of  engineering  work.  I  believe 
it  important  that  engineers  should  feel  that  they  are  supported  by 
the  best  engineering  sentiment  if  their  tastes  and  abilities  lead  them 
to  become  contractors  for  the  execution  of  engineering  work,  and 
that  they  shall  consider  themselves  to  be  accepted  members  of  the 
engineering  fraternity. 

There  is  another  field  which  has  so  far  seemed  less  attractive 
to  engineers  than  seems  to  me  wise  and  proper.  The  filling  of 
executive  positions  by  engineers  is  far  less  common  than  it  ought 
to  be.  Instances,  to  be  sure,  are  not  altogether  rare  where  engi- 
neers have  become  presidents,  general  managers  or  superintendents 
of  radroads,  superintendents  of  water  works,  treasurers  or  super- 
intendents of  mill  corporations,  presidents  or  important  executive 
officers  of  mill  insurance  companies,  or  at  the  head  in  some  way  of 
business  establishments  in  whose  conduct  a  knowledge  of  engineer- 
ing is  of  definite  and  important  value.  For  executive  railroad 
work  my  own  opinion  finds  able  support,  that  the  most  desirable 
preparation  is  an  education  in  civil  engineering  of  the  sort  furnished 
by  many  of  our  engineering  colleges.  Aside  from  the  acquirement 
of  an  acquaintance  with  much  of  a  teclmical  engineering  nature 
which  will  be  applicable  to  many  parts  of  railroad  work,  the  quality 
of  the  training  secured  is  of  superior  importance.  In  the  study  of 
mathematics  and  of  science  one  has  engrafted  upon  him  the  feeling 
that  error  cannot  result  in  truth,  that  wrong  at  the  beginning  can- 
not well  bring  forth  right  at  the  end.  The  training  of  the  engineer 
tends  strongly  throughout  to  secure  that  honesty  of  attitude  which 
is  the  common  characteristic  of  the  engineer.  A  prominent  jour- 
nalist of  this  country  has  put  it  that  an  engineering  training  brings 
a  man  to  the  point  where  he  is  al)le  to  look  a  fact  in  the  face.  The 
engineering  training  tends  towards  the  production  of  a  logical  mind. 
The  constant  demand  upon  the  engineer  is  to  adapt  means  to  exist- 
ing conditions,  to  study  cause  and  effect.  The  logical  outcome  both 
of  the  training  and  the  practice  necessary  to  his  success  is  to  force 
the  engineer  to  stand  upon  his  own  judgment;  to  develop  decision 
of  character,  firmness,  courage,   qualities  of  direct  value   in  any 
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executive  work.  These  qualities,  combined  with  the  technical  train- 
ing and  experience  in  the  atifairs  to  be  dealt  with,  have  led,  in  the 
case  of  some  railroads,  to  a  general  policy  in  favor  of  promoting 
their  civil  or  incclianical  I'lij^incers  to  the  important  executive  posi- 
tions. What  has  been  the  policy  of  certain  railroads  may  well  be- 
come the  policy  of  many  others,  and  may  well  become  the  practice, 
too,  of  many  mamifaciuring  and  other  corporations.  To  the  com- 
ment often  made  that  atlministrativc  positions  become  the  reward 
of  those  who  have  natural  executive  ability,  it  may  be  answered 
that  executive  abilit\-  is  in  part  only  inlierited  ;  it  is  in  part  acquired. 
The  ability  to  have  work  well  performed. by  others  depends  in  part 
upon  a  suitable  technical  knowledge  of  the  work  itself;  it  depends 
in  ])art  upon  clearness  of  vision  and  decision  of  character,  and  these 
may  readily  be  the  development  or  result  of  the  engineering  train- 
ing, including  both  education  and  experience.  Executive  ability 
depends  in  part  upon  a  natural  tact  in  dealing  with  men,  in  judging 
character  and  in  systematic  business  habits.  That  engineers  should 
as  a  class  be  inferior  to  others  in  these  particulars  is  improbable, 
unless  it  be  true,  as  it  sometimes  appears  to  be,  that  the  engineer 
allows  his  interest  to  become  very  largely  absorbed  by  the  scientific 
or  purely  engineering  problems  of  construction  w^ith  which  he  has 
to  deal,  and  to  an  extent  which  renders  it  difificult  for  him  to  give 
much  attention  to  the  business  conduct  of  the  projects  after  com- 
pletion. To  my  mind,  it  should  be  considered  the  legitimate  func- 
tion of  the  engineer  to  occupy  administrative  or  executive  positions 
for  vvliich  his  previous  training  furnishes  a  reasonable  preparation; 
and  those  young  men  who  seem  to  have  natural  tastes  and  abilities 
in  such  directions  might  well  make  a  special  efifort  to  acquire  an 
insight  into  business  methods  and  to  develop  ability  in  character 
reading,  and  thus  to  train  themselves  for  the  position  which  is 
likely  to  seek  them  if  they  are  ready  prepared  for  it.  The  rewards 
in  such  positions  are  likely  to  be  adequate,  and  an  engineer's  loyalty 
to  engineering  may  find  solace  in  the  fact  that  he  may  frequently 
find  opportunity  to  further  advance  the  interests  of  pure  engineer- 
ing for  the  benefit  of  other  engineers.  To  my  mind,  it  is  clear  that 
the  engineering  training  would  prove  an  admirable  preparation  in 
many  lines  of  work,  even  where  there  is  little  opportunity  to  make 
use  directly  of  engineering  knowledge.  I  have  strong  reason  for 
feeling  satisfied  that  the  logical  habit  of  mind  and  directness  of 
method  characteristic  of  the  engineer  furnish  a  splendid  equipment 
for  the  study  and  practice  of  the  law ;  and  what  is  true  of  law  is  true 
also  of  man\-  lines  of  work. 
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It  remains,  finally,  for  me  to  say  something  as  to  the  salaries 
or  fees  to  be  paid  to  engineers.  Is  it  not  reasonable  to  assume  that 
so  far  as  engineers  as  a  class  become  in  fact  more  able,  and  their 
ability  on  the  economic  side  becomes  appreciated,  in  like  measure 
their  services  will  command  more  adequate  payments?  To  secure 
the  best  results  in  this  direction  it  is  necessary  that  men  of  promi- 
nence in  engineering  practice  should  come  to  a  just  appreciation  of 
the  dignity  of  the  engineer.  Engineers  of  much  prominence  are, 
some  of  them,  sinners  against  what  should  be  considered  the  ethics 
of  the  profession ;  not  only  in  standing  ready  to  work  for  less  than 
adequate  fees,  but  also  in  scaling  down  to  the  lowest  point  the  wages 
or  the  salaries  to  be  paid  to  subordinates.  Is  the  dignity  of  engi- 
neering upheld  when  engineers  in  charge  of  work  for  large  and 
financially  able  corporate  interests  endeavor  to  secure  graduates 
from  colleges  of  engineering  for  eight  or  nine  dollars  per  week  in 
positions  where  there  is  little  opportunity  for  advancement  ?  What 
efifect  has  it  upon  engineering  progress  when  a  chief  engineer  pays 
such  a  graduate  nine  dollars  per  week  at  the  start,  and  after  a  year 
or  two  of  successful  service,  devoted  in  part  to  the  successful  design 
of  important  features  of  the  work,  tells  the  young  man  that  his 
application  for  twenty- four  dollars  a  week  cannot  be  considered ; 
that  it  is  acknowledged  he  is  doing  a  higher  grade  of  work  than  his 
rank  indicates ;  that  his  services  are  satisfactory ;  his  worth  is  equal 
to  the  amount  demanded,  but  there  are  other  employes  of  similar 
rank  and  it  had  been  decided  that  no  salaries  can  l)e  raised,  and 
that  his  present  salary  of  twelve  dollars  per  week  is  the  maximum 
possible  for  some  time  ?  Does  it  pay  to  secure  the  lowest-priced 
engineer  you  can  find,  even  in  subordinate  positions?  Is  it  not 
better  to  pay  more  than  the  mininumi  and  insist  upon  having  men 
not  below  the  average  in  ability  ?  Is  it  not  worth  while  to  pay 
enough  to  a  good  man  to  keep  him  if  he  has  proved  his  worth? 
Does  the  employer  appreciate  more  highly  the  chief  engineer  who 
by  his  own  acts  announces  that  an  engineer  is  an  engineer,  and  the 
more  cheaply  you  get  one  the  better?  To  me  it  seems  that  it  is 
a  mistake  to  Iniy  a  car  wheel  at  a  price  too  low  to  allow  of  good 
material,  and  at  least  equally  a  mistake  to  try  to  secure  an  engineer 
at  a  price  too  low  for  a  superior  article.  In  a  similar  way  it  seems 
to  me  that  an  engineer,  unless  under  severe  financial  straits,  should 
be  unwilling  to  accept  a  position  at  a  figure  inadequate  for  the  work 
demanded  of  him.  The  young  graduate  can  properly,  of  course, 
for  a  time  accept  work  at  a  nominal  salary,  provided  the  experience 
to  be  gained  and  the  opportunities  for  advancement  are  in  them- 
selves valuable.     The  older  engineer,  whether  in  the  case  of  salaries, 
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or  retainers  or  fees,  should  see  to  it  that  he  is  not  the  one  to  encour- 
age the  lowering  of  the  standard  of  payment  for  the  work  done  by 
hull.  For  many  years  I  have  hcUl  in  the  highest  admiration  the 
action  of  a  personal  friend  who  refused  to  accept  the  position  of 
chief  engineer  of  an  important  railroad  then  under  construction  at 
the  salary  he  was  already  receiving  as  locating  engineer,  two  hun- 
dred and  fifty  dollars  a  month.  He  was  willing  for  a  time  longer 
to  serve  in  his  old  position  as  locating  engineer,  but  not  at  all  as 
chief  engineer  at  what  was  in  fact,  under  all  the  circumstances,  an 
inadequate  salary.  A  few  years  before,  while  waiting  for  a  min- 
ing camp  to  develop,  this  engineer  had  taken  his  shovel  and  worked 
at  day's  wages  on  a  toll  road,  although  then  possessed  of  money 
sufficient  to  loan  a  moderate  sum  to  the  contractor,  who  needed 
ready  cash.  The  splendid  fellow  who  did  not  hesitate  to  work  as  a 
day  laborer  was  yet  above  accepting  a  position  of  dignity  at  un- 
dignified wages.  His  refusal,  as  a  matter  of  fact,  delayed  his  ad- 
vancement only  for  a  short  time,  for  he  soon  secured  an  equally 
good  position  elsewhere  at  terms  which  he  could  accept.  I  have 
never  doubted  that  his  action  was  entirely  proper,  and  I  believe  that 
the  general  status  of  the  engineering  profession  is  more  dependent 
than  many  have  supposed  on  the  attitude  assumed  by  prominent 
engineers  themselves  as  to  the  rewards  of  engineering;  both  those 
demanded  by  them  of  others,  and  those  granted  by  them  to  subordi- 
nates. This  Society  has  in  its  power  to  exert  through  its  members 
a  strong  influence  for  good  in  this  as  in  many  other  directions.  If 
my  views  upon  the  various  points  presented  are  sound,  this  Society 
can  by  the  general  attitude  of  its  members  do  much  to  aid  in  a 
broader  development  of  engineering  and  to  secure  for  engineers  a 
better  recognition  from  the  public  than  has  heretofore  been  accorded 
them.  To  help  bring  about  such  a  result  is  the  purpose  of  this 
address. 
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ENGIXKERING  WORK  IN  LOUISIANA. 


Address  by  Thomas  L.  Raymond,  Retiring  President  of  the  Louisiana 

Engineering  Society. 


[Presented  at  the  Annual  Meeting  January  13,   1900.*] 

We  celebrate  to-night  the  second  anniversary  of  the  birth  of 
this  Society.  By  a  constitutional  requirement  I  am  obliged  to 
deliver,  and,  by  a  liberal  interpretation  of  our  fundamental  law, 
you  are  bound  to  listen  to,  a  presidential  annual  address.  Though 
only  two  years  old,  the  Society  has  learned  to  talk  in  a  disjointed 
sort  of  way,  but  I  trust  as  she  grows  older  the  list  of  her  wise  and 
practical  sayings  will  enlarge  to  a  degree  commensurate  with  the 
knowledge  and  talent  which  I  feel  sure  she  possesses.  Your  first 
President  in  his  annual  address  most  instructively  entertained  us 
by  tracing  the  development  of  engineering  and  the  kindred  profes- 
sions represented  among  us,  through  historic  ages,  describing  for 
our  instruction  the  greatest  works  of  all  countries. 

To  gather  up  the  threads  of  his  narrative  where  he  left  them 
fluttering  in  the  storm  of  progress  in  the  methods  of  controlling  and 
utilizing  nature's  forces,  which  has  swept  over  the  world  during  the 
latter  half  of  this  century,  and  to  weave  them  into  a  tapestry  which 
would  portray  the  advancement  in  a  single  department  of  our  work 
during  this  remarkable  period,  would  be  a  task  greater  than  I  would 
dare  or  your  endurance  brook.  Disclaiming,  then,  any  effort  to 
take  up  the  subject  of  my  predecessor  in  a  consecutive  way,  I  have 
thought  it  might  serve  some  useful  purpose  to  note  as  carefully  as 
possible  the  "Achievements  of  the  Engineer  in  Louisiana  in  Recent 
Years." 

The  departments  in  which  the  engineer  has  been  most  con- 
spicuously employed  in  this  State,  since  the  active  recognition  of  our 
needs  began,  have  been  in  the  designing  and  construction  of  levees, 
railroads,  river  and  harbor  improvements,  street  railways,  electric 
conduits,  manufactories,  modern  building  and  mining.  In  this  list 
the  attempt  has  been  made  to  name  the  works  in  sequence  of  magni- 
tude, and  I  propose  to  comment  upon  them  in  the  order  given. 

LEVEES. 

When  it  is  remembered  that  the  whole  or  a  large  part  of  thirty- 
five  parishes  of  the  State,  or  an  area  of  16,000  square  miles,  lies 
below  the  yearly  flood  surface  of  the  great  streams  which  carry  the 
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drainage  of  about  one-half  the  area  of  the  United  States  through 
Louisiana  to  tlie  Gulf,  some  idea  may  be  formed  of  the  magnitude 
of  the  task  of  rearing  embankments  to  retain  these  waters  within 
limited  channels.  But  the  facts  are  even  more  startling,  in  that 
there  are  1200  miles  of  levees  now  in  existence,  ranging  in  height 
from  3  feet  to  as  much  as  35  feet,  built  through  fields,  forests  and 
treacherous  cypress  swamps ;  that  many  great  dikes  cross  old  river 
beds  and  sloughs,  wdiere  the  weight  of  the  embankment  has  dis- 
placed the  underlying  slush  10  and  12  feet  deep  before  reaching 
the  point  of  equilibrium ;  that  the  encroachments  of  the  rivers  upon 
the  banks  has  necessitated  the  rebuilding  on  new  and  safer  loca- 
tions of  many  miles  of  this  system,  and  that  the  greater  part  of  all 
this  has  been  done  since  1882.  Previous  to  that  year  the  levee 
engineer  was  struggling  most  manfully  against  hope,  with  totally 
inadequate  means,  to  patch  up  here  and  there  the  weakest  part  of 
the  frail  line,  dreading  alike  the  terrible  months  from  January  to 
June,  when  he  knew  that  somewhere  the  line  must  give  way,  when 
the  water  at  New  Orleans  reached  a  point  6  feet  lower  than  he  now 
provides  for,  and  that  equally  terrible  time  when  the  low  water  in 
the  treasury  would  leave  his  salary  high  and  dry  upon  a  sand  bank, 
only  to  be  floated  to  him  by  the  piratical  broker  after  the  usual 
salvage  claims  had  been  met. 

Since  1882,  with  the  added  assistance  of  the  National  Govern- 
ment, means  to  execute  his  plans  have  been  given  him  in  some 
degree  commensurate  with  the  magnitude  of  the  work,  and  the 
results  achieved  have  been  stupendous.  He  has  built  up  85,000,000 
of  cubic  yards  of  earthwork  in  the  State,  covering  a  length  of  1200 
miles,  and  has  practically  demonstrated,  in  spite  of  the  protests  and 
obstructive  tactics  of  many  sincere  but  uninformed  doubters,  the 
efficiency  and  wisdom  of  the  levee  system  by  finally  and  completely 
controlling  the  greatest  flood  ever  discharged  by  the  Mississippi. 
The  earthen  embankments  now  protecting  the  lowlands  of  Louis- 
iana from  overflow  would  be  sufficient  to  add  4  feet  of  filling  to  the 
area  of  this  city,  embraced  between  the  limits  of  upper  protection 
levee  and  Elysian  Fields  street,  the  river  and  the  ridge,  or,  to  illus- 
trate in  another  way,  would  equal  in  contents  two-thirds  of  the  great 
wall  of  China,  which  is  reported  to  be  1500  miles  long,  25  feet  high 
and  20  feet  broad.  Our  barriers  protect  us  from  a  more  ruthless 
enemy  than  the  Tartar  ravagers  of  the  Celestial  empire. 

In  the  construction  of  these  immense  dikes  the  engineer  and 
contractor,  working  together,  have  progressively  improved  their 
methods  from  the  use  of  the  wheelbarrow  up  through  the  drag  and 
wheel  scraper  to  the  levee-building  machine,  until  now  the  use  of 
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machinery  in  the  construction  of  levees  is  almost  an  assured  fact. 
The  result  has  been  that  the  price  for  the  average  embankment  has 
declined  from  50  cents  and  60  cents  per  cubic  yard,  as  in  the  good 
old  times,  to  less  than  15  cents  in  1898. 

It  has  been  the  custom  of  the  levee  engineer  to  deprecate  the 
professional  value  of  his  work  (the  unfortunate  characteristic  of 
all  engineers)  as  being  only  a  matter  of  piling  up  dirt,  but  when  we 
consider  the  close  and  eminently  scientific  study  he  has  given  to  the 
flood  slope  problem,  designing  his  grades  carefully  to  predicted 
height,  his  knowledge  of  caving  bends  applied  to  the  location  of 
his  line  of  defense,  and  his  design  of  cross-section  to  meet  the 
special  requirements  of  strain  and  economy  of  material  in  a  given 
location,  it  cannot  but  be  conceded  that  in  this  branch  of  the  profes- 
sion, the  engineer  in  Louisiana  has  added  much  to  the  record  of 
engineering  achievement  and  accomplished  a  work  which  will  rank 
among  the  greatest  of  the  century. 

RAILROADS. 

It  is  in  the  recollection  of  many  of  us,  not  the  oldest,  when  the 
Great  Jackson,  the  Opelousas  and  the  old  and  unreliable  Pontchar- 
train  were  the  only  railroads  in  the  State.  The  first  ran  over  the 
border  at  the  first  opportunity ;  the  second  boasted  of  only  about  160 
miles  of  track,  and  the  last  was  and  is  only  five  miles  long,  and 
usually  five  minutes  late.  The  State  for  many  years  lagged  behind 
the  rest  of  the  country  in  railroad  construction,  but  development 
has  begun  and  bids  fair  to  place  us  in  a  few  years  well  up  in  the 
front  rank  of  railway  mileage.  To-day  New  Orleans  is  the  ter- 
minus of  four  great  lines  connecting  us  with  the  great  East  and 
yet  growing  West,  as  well  as  of  two  trans-continental  lines  travers- 
ing the  whole  breadth  of  the  State  on  the  way  to  the  famous  "open 
door"  for  which  the  world  is  struggling.  In  1870  our  mileage  was 
only  450,  to  which  the  ten  years  to  1880  added  only  200  miles,  while 
in  1898  the  State  could  boast  of  2274  miles  of  track,  more  than  any 
one  of  the  New  England  States  possess,  thus  placing  us  in  advance 
of  twenty  other  States  of  the  Union.  Since  writing  the  above  I 
have  learned  that  in  1899  Louisiana  has  added  150  miles  to  her 
roads,  and  stands  eighth  among  the  States  in  mileage  added. 

While  the  railroad  engineer  finds  no  mountains  to  climb  nor 
tunnels  to  bore  in  his  construction  here,  yet  there  are  other  problems 
which  have  been  solved  peculiar  to  the  delta  formation  of  our  soil, 
and  this  has  been  accomplished  largely  by  the  force  of  trained 
ability,  unsupported  by  the  all-comfortmg  precedent.  The  roadbed 
of  the  New  Orleans  and  Northeastern  Railroad  was  constructed. 
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for  example,  throut^h  the  so-called  tremhlino-  prairies  by  carrying- 
the  track  on  a  pile  trestle  for  21  miles,  tilling  to  the  bottom  of  the 
rail  later,  from  a  pit  not  nearer  than  50  feet  from  the  ties,  by  means 
of  a  si)ecial  conveyor  dredge;  then,  after  removing  caps  and 
stringers,  the  road  was  l)allasted  and  a  consolidated  roadbed  ob- 
tained in  the  ordinary  way.  The  6-mile  trestle  across  the  end  of 
Lake  Pontchartrain  is  built  on  creasoted  piling,  which  drove  i  foot 
at  the  last  blow  of  a  3000-pound  hammer,  and  not  a  single  bent  has 
ever  settled. 

These  are  noteworthy  departures  from  practice  elsewdiere  re- 
corded, bold  in  execution  as  well  as  successful  in  result. 

The  Texas  and  Pacific  bridge  piers  in  the  Atchafalaya,  so  well 
described  in  a  paper  read  before  this  Society,  are  worthy  of  mention 
as  making  a  great  step  forw-ard  in  the  method  of  crossing  the  most 
treacherous  streams  flowing  through  the  bottomless  delta  forma- 
tion. Four  cylinders,  8  feet  in  diameter,  were  sunk  by  the  com- 
bined methods  of  jetting,  w^eighting  and  excavating  by  hand  and 
pump,  all  carried  on  in  conjunction  with  the  pneumatic  process  to 
a  depth  of  98  feet  below  the  Gulf  level,  through  river  deposits, 
brush,  logs,  old  foundations,  clay,  sand  and  pebbles,  within  ninety 
days  from  the  time  of  starting  work.  This  indeed  was  a  triumph 
of  engineering  knowledge  and  skill  which  has  rendered  the  con- 
struction of  bridges  across  similar  streams  an  easy  task  in  the 
future. 

RR'ER    AND    HARBOR    IMPROVEMENT. 

Louisiana  has  the  distinction  of  having  had  made  within  her 
borders  the  first  test  on  a  grand  scale  in  this  hemisphere  of  the 
efficiency  of  the  jetty  system  for  the  removal  of  bars  at  the  entrance 
to  harbors.  The  jetties  at  the  mouth  of  South  Pass  of  the  Mis- 
sissippi River  proved  such  a  pronounced  success  that  this  method 
has  been  adopted  almost  universally  where  the  conditions  seemed 
to  warrant ;  not  only  upon  the  Great  Lakes,  but  at  Calcasieu  and 
Sabine  Pass  in  Louisiana,  at  Galveston,  Brazos  and  several  other 
ports  in  Texas,  at  Tampico  in  Alexico  and  on  the  Pacific  coast  of  the 
United  States.  The  results  in  Louisiana  of  this  system  are  cer- 
tainly equal  to  the  best  elsewhere,  for  at  South  Pass  the  depth 
across  the  bar  was  increased  from  8  feet  to  30  feet,  and  at  Sabine 
Pass  from  6  feet  to  25  feet,  while  the  project  is  now  about  com- 
pleted for  increasing  the  depth  across  Southwest  Pass  bar  from 
12  feet  to  35  feet. 

Again,  the  general  Government  is  now  luiilding  a  lock  between 
the  Mississippi  River  and  the  navigable  streams  to  the  westward, 
in   Bayou   Plaquemine.     This   will    connect   the    river   with   prac- 
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tically  tide  level  at  a  distance  of  over  200  miles  from  the  mouth  of 
the  river,  necessitating  an  extreme  lift  of  41  feet.  The  width  of 
the  lock  is  to  be  54  feet,  its  length  547  feet,  the  massive  walls  and 
bottom  being  founded  on  piles  with  50  feet  penetration  in  the 
alluvial  deposit  of  the  delta  formation.  The  piling  being  driven  3 
feet  between  centers  over  the  whole  site,  the  entire  weight  is  ex- 
pected to  be  distributed  on  the  whole  area  by  means  of  a  bottom 
invert.  Few  inland  locks  in  the  world  have  greater  lifts  than  25 
feet,  the  greatest  being  30  feet,  while  the  famous  Avonmouth  dock 
at  Bristol,  England,  built  on  the  orthodox  foundation  stratum,  has 
an  extreme  lift  of  45  feet. 

The  success  of  this  gigantic  work  will  be  a  triumph  of  engi- 
neering skill  not  without  daring,  and  strike  another  blow  at  the  pile- 
driving  formulae  so  often  discredited  in  this  soil.  Thus  in  river 
and  harbor  work,  Louisiana  engineering  takes  its  place  well  in  the 
lead  in  magnitude  of  result  and  originality  of  design. 

IRRIGATION. 

With  an  annual  rainfall  of  60  inches,  with  the  greatest  river 
in  the  world  threatening  thirty  of  the  fifty-nine  parishes  of  the  State 
with  yearly  overflow  and  the  remainder  watered  by  innumerable 
streams,  it  is  not  strange  that  irrigation  should  have  received  but 
scant  attention  in  the  past.  But  rice  is  fast  becoming  a  world's 
food  cereal,  and  its  cultivation  has  of  late  forced  the  attention  of  the 
planter  and  engineer  to  the  study  and  construction  of  irrigation 
works.  The  method  of  a  few  years  ago  was,  to  syphon  the  water 
during  high  stages  from  the  Mississippi  and  its  effluents  and  to 
pump  it  during  low  stages,  on  to  the  adjacent  fields,  thus  limiting 
the  cultivation  to  the  banks  of  these  streams.  Now  the  vast  prairies 
of  the  western  parishes,  formerly  given  up  to  meager  pasturage  of 
cattle,  are  being  flooded  by  the  rice  farmer,  and  4000  rice  harvesting 
machines  are  in  use  to  gather  400,000,000  pounds  of  Louisiana  crop. 
Here,  too,  the  engineer  has  broken  away  from  tradition  and  the 
practice  in  the  Far  West,  for  he  has  learned  that  the  subsoil  of  the 
prairie  will  hold  water;  and,  instead  of  expensive  flumes  of  wood 
with  small  capacity,  he  builds  great  canals,  some  of  them  as  long  as 
40  miles,  practically  on  the  surface,  30  to  125  feet  wide  and  4  to  8 
feet  deep,  earthen  levees  retaining  the  water,  and  in  some  instances 
transports  the  products  when  harvested  in  barges  floated  down  on 
the  irrigating  canal.  The  lifts  from  the  water  courses  are  as  great 
as  35  feet,  and  the  pumps  are  among  the  most  improved  in  design 
and  efficiency.  Where  the  water  courses  are  not  available  the 
artesian  well  is  sunk,  and  some  of  them  are  yielding  1000  gallons 
per  minute.     Although  the  work  of  construction  really  began  as 
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late  as  1897,  there  are  now  about  300  miles  of  canals  and  at  least  75 
wells,  capable  of  irrigating  together  about  300,000  acres  of  rice 
fields.  With  such  marvelous  progress  and  rapid  construction  it 
seems  fair  to  suppose  that  much  of  this  work,  though  done  by  most 
competent  engineers,  has  been  hastily  constructed,  with  the  prime 
object  of  delivering  the  water  to  the  fields  in  the  shortest  time  and 
with  less  regard  to  the  economical  design  of  flume  or  pump  and 
favorableness  of  location. 

It  is  therefore  probable  that  the  more  careful  study  of  flow, 
seepage  and  evaporation  in  the  canals,  as  well  as  efficiency  in  loca- 
tion and  operation  of  the  pump,  which  the  engineer  will  give  as  time 
permits,  will  soon  begin  to  check  enormous  waste  and  place  these 
hurriedly  constructed  works  on  a  better  paying  basis. 

The  writer  has  heard  of  one  project  which  contemplates  a  canal 
55  miles  long,  200  feet  wide  and  4  feet  deep,  supplied  with  water 
lifted  50  feet  and  retained  by  earthen  levees  built  on  the  natural 
surface.  The  profits  must  be  stupendous  to  warrant  such  con- 
struction, with  its  inevitable  immense  percentage  of  waste.  But 
progress  in  this  branch  of  engineering  is  making  rapid  strides,  and 
Louisiana  looks  forward  to  becoming  queen  when  rice  shall  be  king. 

DRAINAGE. 

The  exceptionally  heavy  rainfall,  the  large  area  of  swamp  and 
level  tracts  throughout  the  State,  the  extensive  sea  marshes  stretch- 
ing for  miles  into  the  interior  and  the  crude  methods  heretofore 
prevailing  in  the  drainage  of  the  city,  town  and  plantation  open  an 
indefinite  prospect  of  useful  and  scientific  work  for  the  engineer  in 
the  near  future.  In  the  struggle  against  overflow,  the  betterment 
of  the  more  pressing  evils  and  the  cheapness  of  the  higher  lands, 
drainage  work  in  the  city  and  country  has  been,  until  recently,  post- 
poned until  a  more  convenient  season,  and  in  both  instances  has 
been  confined  to  the  open  ditch,  supplemented  by  pumping  appli- 
ances of  which  the  ancient  Egyptians  would  have  been  ashamed. 
But  in  the  last  few  years  there  has  been  an  awakening,  and  the 
advanced  planter  is  not  now  content  without  a  complete  topo- 
graphical survey  of  his  lands  and  has  his  drains  located  intelligently, 
with  proper  grades  and  capacities.  It  is  impossible  to  obtain  com- 
plete data  of  the  vast  amount  of  private  work  of  this  character 
which  has  been  put  in  operation  of  late  years,  but  the  State  engi- 
neers have  incidentallv  done  much  in  this  direction,  necessitated  by 
the  closure  of  natural  low  water  drains  by  levee  construction. 

Moreover,  the  new  constitution  of  the  State  empowers  large 
areas  to  organize  into  corporate  drainage  districts ;  and  while  one 
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such  has  advertised  the  issuance  of  over  $300,000  of  bonds,  the  pro- 
ceeds to  be  applied  to  a  complete  and  systematic  drainage  of  its 
territory,  others  throughout  the  State  are  moving  towards  the  same 
great  end. 

Among  the  cities  and  towns  the  work  of  replacing  the  open 
gutter  with  sub-surface  drains  is  moving  steadily  forward.  New 
Orleans,  with  the  greatest  need,  as  well  as  the  largest  area,  has 
begun  the  construction  of  a  drainage  system  which  is  perhaps 
unique  among  the  cities  of  the  world,  in  its  design  and  great  size 
of  the  underground  conduits  necessary  to  convey  the  semi-tropical 
rainfalls  to  the  pumps  which  are  to  lift  it  to  the  sea  level  discharge. 
With  only  three  of  the  ultimate  eight  pumping  plants  completed, 
about  15.000  gallons  will  be  lifted  from  3  to  10  feet  every  second 
during  storms  by  pumps  operated  from  a  central  electric  power 
plant  delivering  nearly  2800  kilowatts  of  energy.  In  the  past  two 
years  nearly  five  miles  of  masonry  conduits,  from  5  to  25  feet  in 
width  and  5  to  10  feet  in  depth,  have  been  built,  while  over  700,000 
cubic  yards  of  earth  have  been  excavated  in  the  construction  of 
open  canals. 

The  city  of  Shreveport  has  built  six  miles  of  sewer  mains, 
while  Alexandria  and  the  other  towns  of  the  State  are  beginning  to 
recognize  the  importance  of  more  efficient  and  more  sightly  drain- 
age channels,  and  are  planning  their  construction.  Notably  Baton 
Rouge,  which  is  now  constructing  a  relief  canal  from  its  low-lying 
districts  to  the  swamps,  thus  providing  an  ample  channel  for  the 
run-off  of  the  entire  area  within  its  limits. 

MUNICIPAL    IMPROVEMENTS. 

Under  this  head  are  classed  for  convenience  the  various  works 
of  paving,  water  supply  and  electric  lighting.  Only  of  late  has  the 
municipal  engineer  been  recognized  as  something  besides  a  meas- 
urer of  lines  and  a  definer  of  property  limits,  for  it  is  only  recently 
that  the  title  of  the  professional  adviser  of  the  authorities  has  been 
changed  from  "arpenteur"  and  later  "city  surveyor"  to  that  of  "city 
engineer." 

Not  many  years  since  no  town  in  Louisiana,  except  this  city, 
could  boast  of  a  single  paved  street,  and  New  Orleans  itself,  with 
the  exception  of  six  miles  of  asphalt,  was  content  with  the  unsani- 
tary plank  road,  villainous  square  blocks  or  barbarous  cobblestone 
pavements  upon  its  business  thoroughfares.  To-day  Shreveport 
has  started  her  paving  with  two  and  a  half  miles  of  paved  streets 
already  finished,  and  New  Orleans  has  built  in  the  past  eight 
years,  25  miles  of  paving  of  a  higher  grade  than  gravel,  costing 
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over  $1,500,000,  while  every  town  in  the  State  of  any  pretensions  is 
moving  towards  the  improvement  of  its  principal  thoroughfares. 
Baton  Rouge,  for  instance,  has  authorized  an  issue  of  bonds  to  the 
amount  of  $200,000,  $40,000  of  which  is  to  be  applied  to  paving. 

Where  a  few  years  ago  the  dim  gas  lamps  in  the  business  and 
chief  residence  sections  of  the  metropolis,  supplemented  by  the 
feeble  oil  lamps  in  the  suburl)s  and  all  tlic  smaller  towns,  served  but 
to  accentuate  the  darkness  when  the  moon  defaulted  on  her  contract, 
now  New  Orleans  is  lighted  by  over  1600  public  electric  lights; 
Shreveport  has  74  pul)lic  arc  lights;  Alexandria  is  illuminated  with 
15  1200-candle  power  arcs  and  123  i6-candle  power  incandescents, 
with  provision  for  increase  in  the  near  future ;  Donaldsonville  has 
178  street  lights;  Baton  Rouge  has  56  arc  lights  and  1800  incan- 
descents, and  all  the  other  towns  in  the  State  are  making  bright 
their  dark  places  by  the  dynamo  and  wire ;  and  the  small  boy  with 
the  large  ladder  has  lost  forever  his  occupation  among  us. 

In  the  means  of  water  supply  all  the  municipalities  of  the  State 
are  rapidly  emancipating  themselves  from  the  thraldom  of  the 
fickle  cistern,  for  New  Orleans  has  recently  provided  ample  means 
to  furnish  an  abundant  and  pure  supply;  Shreveport  pumps 
3,500,000  gallons  per  day  through  12  miles  of  mains:  Alexandria 
has  a  pumping  capacity  of  1,000,000  gallons  per  day  from  her 
artesian  wells,  and  is  about  to  inaugurate  an  air  lift  system,  with 
reservoirs,  to  increase  the  supply  and  pressure.  Baton  Rouge, 
with  pumps  of  3,000,000  gallons  capacity  and  nine  miles  of  mains, 
obtains  its  pressure  by  means  of  a  100-foot  standpipe.  the  supply 
being  at  present  from  two  artesian  wells.  Donaldsonville  has  a 
plant  capacity  of  1,500.000  gallons  per  day,  with  three  miles  of 
mains  and  a  100-foot  standpipe:  wliile  at  least  seventy  other  towns 
have  water  works  with  an  aggregate  capacity  of  about  12,000,000 
gallons  in  twenty-four  hours. 

Sewerage  plants  have  as  yet  reached  only  the  planning  stage, 
but  in  New  Orleans  their  construction  is  about  to  begin:  and  in 
Alexandria  the  city  engineer,  Mr.  John  W.  Sylvcstor,  has  designed 
a  svstem,  for  which  the  money  is  now  available,  which  involves  nme 
miles  of  conduit  and  necessary  flush  tanks,  with  pumping  appliances 
for  the  high  water  season,  and  Baton  Rouge  has  provided  $55,000 
for  its  system. 

STREET    RAILW^\YS. 

Of  the  street  railways  we  may  well  be  proud  as  a  State,  and  in 
this  branch  the  engineer  has  done  most  w^onderful  work  since  the 
mule,  bob-tail  car  and  flat  rail  have  been  abandoned.  Of  course,  it 
is  onlv  in  cities  of  sufficient  size,  to  furnish  distances  longer  than  a 
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lazy  man's  walking  capacity,  tliat  there  is  any  need  of  this  kind  of 
conveyance.  New  Orleans  can  claim  probably  the  best  system  of 
street  car  lines  in  the  United  States.  With  i8o  miles  of  track, 
principally  girder  rails,  and  over  450  cars  operated  by  electricity, 
with  14  miles  of  this  laid  with  100-pound  T  rails,  creasoted  ties  and 
rock  ballast,  there  are  few  cities  which  can  excel  the  record. 

Shreveport  has  eight  miles  in  operation,  Lake  Charles  has  five 
miles  and  Baton  Rouge  has  four  miles. 

I  beg  here  to  state  that  I  am  indebted  to  Mr.  F.  W.  Kane,  city 
engineer  of  Shreveport;  Mr.  Ira  W.  Sylvester,  city  engineer  of 
Alexandria,  and  Mr.  R.  Swart,  city  engineer  of  Baton  Rouge,  and  a 
member  of  this  Society,  and  Mr.  S.  L.  Carey,  of  Jennings,  for  much 
of  the  above  information. 

ELECTRIC    WIRE    CONDUITS. 

Not  many  years  since,  when  the  idea  of  placing  electric  wires 
underground  was  suggested  in  order  to  check  the  forest  growth 
which  was  springing  up  in  the  streets  of  our  cities,  the  plea  was 
entered,  and  vigorously  maintained,  that  the  nature  of  the  soil  and 
its  saturation  with  water  would  forever  debar  us  from  the  enjoy- 
ment of  the  safety,  comfort  and  sightliness  of  the  underground 
system,  and  this  in  spite  of  the  fact  that  the  Atlantic  cables  had  been 
working  for  years  in  much  damper  surroundings.  But  the  elec- 
trical engineers  have  come  to  our  rescue,  and  there  are  now  30  miles 
of  conduit  work  completed,  which  means  240  miles  of  single  duct ; 
and  four  miles  of  drain  tiles  and  870  manholes,  the  whole  costing 
approximately  $850,000.  The  work  is  only  begun,  for  the  law 
contemplates  the  extension  of  this  work  throughout  the  built-up 
sections.  Of  course,  for  many  years  to  come  the  process  of  trans- 
planting large  forest  trees  to  the  sul)urbs  and  smaller  towns  will  go 
on,  but  the  scientific  labors  of  our  electrical  engineers  have  demon- 
strated the  feasibility  of  this  construction,  and  will  now  bear  fruit 
in  the  continued  extension  of  the  underground  system  wherever  the 
conditions  of  the  surface  require  it. 

MANUFACTURES    AND    MODERN    BUILDINGS. 

Under  this  heading,  in  the  nature  of  things,  it  will  be  impossible 
to  present  any  but  the  most  general  statistics.  Of  the  manufactures 
that  of  sugar  refining,  of  course,  ranks  first  in  magnitude,  equip- 
ment and  scientific  operation.  All  of  us  present  to-night  can  easily 
remember  the  building  of  the  first  large  refinery  in  this  city;  now 
the  State  is  dotted  with  immense  plants  located  in  the  cane  fields, 
where  once,  not  long  since,  the  old  cast  iron  open  kettle  battery  sent 
up   its   savory   fumes   through  the  ventilated   roof   of   the   sugar- 
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house,  while  the  contents  of  the  pots  were  ladled  by  tubs  at  the  end 
of  long  poles,  from  the  raw  juice  pot  to  the  strike  pot,  through  five 
grades  of  evaporation,  burning  at  every  step  tons  of  crystallizable 
sugar  and  turning  out  molasses  by  the  cubic  foot  per  second.  The 
sugar  chemist,  with  his  polariscope  and  high-sounding  gibberish 
about  acids  and  alkalies,  was  looked  upon  with  unconcealed  pity 
and  contempt  by  the  old  reliable  sugarmaker. 

The  sugar  chemist  and  high-grade  engineer  are  now  indispen- 
sable to  this  great  industry ;  the  old  bagasse  chimney  remains  only 
as  a  monument  to  past  wastefulness,  or  has  become  a  brick  mine ; 
and  the  bagasse  burner  under  the  improved  water  tube  boilers 
assists  in  furnishing  the  power  to  crush  the  life-l)loo(l  out  if  its 
quondam  companions  of  the  field.  The  architect  and  structural 
engineers  are  doing  their  part  in  this  revolution,  and  many  modern 
buildings  and  some  steel  frames  now  house  the  high-grade  machin- 
ery with  modern  boilers  and  electric  light  plants,  replacing  the 
single-roof  shed  covering  the  old  junk  and  fire  flue  boilers  of  the 
ancient  regime.  The  ponderous  six  or  seven-roller  mill  now 
crushes  the  cane  to  a  dry  straw,  the  steam  coil  and  vacuum  pan 
evaporate  the  water  without  destroying  the  power  of  crystallization, 
and  the  centrifugal,  with  its  2500  revolutions,  dries  the  crystals 
when  formed,  and  there  is  now  no  by-product  of  Louisiana 
molasses.  There  are  now  226  great  sugar  refineries  in  the  State, 
producing  over  320,000  tons  of  high-grade  sugars  from  the  cane  per 
year,  and  extracting  an  average  of  166  pounds  to  the  ton,  instead  of 
the  100  pounds  of  the  good  old  time;  and  this  exclusive  of  the  four 
city  refineries,  which  convert  throughout  the  year  vast  quantities  of 
crude  domestic  and  foreign  sugars  into  the  clear  crystals  of  com- 
merce. 

Of  the  other  manufactures  which  the  mechanical  engineer  is 
placing  upon  a  scientific  and  paying  basis  I  can  only  mention  in 
passing  such  as  the  great  lumber  and  planing  mills,  cotton  factories, 
foundries  and  machine  shops,  whose  wonderful  development  in 
Louisiana  in  the  past  decade  would  surprise  you  could  I  give  the 
details.  Our  schools  and  colleges  are,  and  have  been,  largely 
responsible  for  all  of  this  progress,  for  they  are  turning  out  young 
men  whose  knowledge  of  the  fundamental  principles  and  practice 
of  mechanical  and  chemical  engineering  as  applied  lo  industrial 
science  is  to-day  rescuing  the  State  from  the  wasteful  and  primitive 
methods  of  the  past. 

We  can  scarcely  realize  to-day  that  the  modern  building,  with 
all  its  conveniences  of  plumbing  and  elevators,  its  fireproof  con- 
struction and  stable  foundations,  was  begun  among  us  scarcely  a 
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score  of  years  ago,  and  now  the  pile  foundation  and  steel  frame,  the 
sanitary  plumbing  and  steam  or  water  heating  are  common  to  all 
our  larger  buildings  when  designed  by  architects  familiar  with  our 
conditions ;  every  year  adds  to  the  already  large  number  of  modern 
structures,  both  in  the  city  and  State.  Our  architects  are  abreast  of 
the  practice  of  the  day,  and  are  designing  buildings  with  all  the  con- 
veniences and  improvements  of  the  age  that  our  climate  and  soil 
conditions  admit  of.  As  in  all  other  branches  of  the  profession  in 
this  State,  these  conditions  are  so  often  and  so  radically  different 
from  those  which  govern  elsewhere  that  an  enforced  originality 
characterizes  his  work  and  style  of  architecture,  and  he  has  fre- 
quently to  depart  from  all  precedent  or  seek  a  very  rare  one,  thus 
taxing  his  ingenuity  and  fertility  of  resource  to  the  utmost. 

MINING. 

I  presume  there  are  few  outside  the  State  who  have  ever  heard 
of  a  mine  in  Louisiana,  but  there  are  two  great  and  inexhaustible 
deposits  within  her  borders  of  prime  importance  to  the  world,  salt 
and  sulphur.  The  almost  absolute  chemical  purity  of  both  these 
deposits  entitles  them  to  be  termed  native.  One  of  the  salt  mines 
has  been  delivering  many  tons  a  day  for  years,  and  has  now  reached 
a  depth  of  i8o  feet;  and  the  deposit  is  said  to  be  800  feet  thick. 
Except  that  the  location  is  in  the  midst  of  a  sea  marsh,  there  is 
nothing  peculiar  in  the  working  of  these  salt  mines,  but  the  sulphur 
mines  have  thus  far  defied  successful  working.  The  deposit  lies 
about  423  feet  below  the  surface,  with  intervening  strata  of  clay 
160  feet  thick,  water-bearing  sand  179  feet  and  limestone  84  feet 
thick.  To  reach  the  sulphur  it  was  first  attempted  by  a  French 
engineer  to  sink  a  cast  iron  shaft  built  of  rings  about  12^  feet  in 
diameter,  cast  in  France ;  but  the  plan  proved  a  total  failure.  Other 
methods  were  later  proposed,  such  as  freezing  and  the  pneumatic 
process,  but  were  rejected  as  being  too  expensive.  Finally  tubes 
were  sunk,  as  for  artesian  wells,  and  superheated  steam  forced 
down,  which  melted  the  sulphur  and  forced  it  to  the  surface.  This 
method  was  partially  successful,  but  as  the  chamber  enlarged  they 
have  ceased  to  work.  The  field  is  therefore  still  open  to  the  inge- 
nuity and  practical  skill  of  the  engineer,  and  furnishes  an  additional 
instance  of  unusual  conditions  whicli  Iteset  the  path  of  the  profes- 
sion in  this  State. 

ROAD    BUILDING. 

There  still  remains  to  be  mentioned  the  imperative  and  un- 
limited work  of  road  building  throughout  the  State,  upon  which 
scarcely  anything  has  yet  been  done  in  an  intelligent  and  permanent 
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maimer.  A\'ith  the  levee  system  affording  reasonable  security 
against  overllow,  the  resources  of  the  parishes  will  soon  be  applied 
to  the  betterment  of  the  main  country  roads,  and  the  construction 
of  great  turnpikes.  With  scarcely  any  road  metal  within  practical 
reach  the  road  engineer  will  find  a  new  and  difficult  problem  before 
him,  but  the  new  constitution  has  provided  a  legal  way  for  the 
inauguration  of  the  work,  and  he  must  soon  attack  it.  The  time 
may  not  be  far  distant  when  the  automobile  will  inyade  the  last 
stronghold  of  the  mule,  and  supplement  the  labor  of  the  locomotive 
and  steamer  in  bearing  the  products  of  the  soil  to  the  markets  of  the 
world. 

In  conclusion,  gentlemen,  while  apologizing  for  detaining  you 
by  the  recital  of  these  dry  statistics,  I  must  add  that  as  these  star- 
tling evidences  of  engineering  activity  and  achievement  unfolded 
before  me  in  the  preparation  of  this  paper  the  conviction  deepened 
that  the  grandest  possibilities  lay  before  the  profession  in  this  sec- 
tion. It  is  the  mission  of  this  Society  to  foster  this  growth  so  well 
begun ;  to  bring  into  prominence  the  part  the  engineer  has  had  in 
these  marvelous  works,  and  to  encourage  by  its  intelligent  and 
approving  criticism  every  triumph  of  design  and  execution. 

I  have  sought  to  emphasize  what  to  me  is  patent,  that  in  much 
of  the  work  which  confronts  the  engineer  in  this  State  the  difficul- 
ties and  conditions  are  so  different  from  those  in  other  parts  of  the 
world  that  he  is  frequently  cut  oft'  from  precedent  and  left  to  work 
out  his  salvation  by  his  natural  ability  in  the  application  of  funda- 
mental principles,  and  is  obliged  to  overcome  new  obstacles  by  new 
methods. 

It  is  therefore  with  pardonable  pride  that  we  may  as  a  Society 
point  to  these  results  and  justly  claim  wdth  ^neas,  whose  energy 
and  skill  saved  the  remnant  of  Troy's  defenders,  in  his  account  of 
himself  to  Dido,  "all  of  these  things  we  saw,  and  a  great  part  of 
them  we  were." 
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ADOKKSS    BEFORE  THE   THIIITEENTH    ANNUAL 
MEETING  OF  THE  MONTANA  SOCIETY 

OF   ENGINEERS.* 


By  Eugene  Carroll^  Retiring  President. 


Mr.  President  and  members  of  the  Montana  Society  of  Engi- 
neers:  Section  i,  Article  I  of  the  By-laws  of  our  Society  contain^ 
these  ominous  words :  "At  the  annual  meeting  the  President  shall 
present  a  report  containing  a  statement  of  the  general  conditions  of 
the  Society  and  a  summary  of  engineering  progress  during  the 
preceding  year."  It  is  this  clause  in  the  Constitution  which  rises 
like  a  specter  before  the  newly-elected  President,  and  remains  with 
him  for  his  full  term ;  until  at  the  opening  of  the  new  year  he  is 
confronted  by  the  actual  reality  that  he  must- buckle  down  to  work 
and  try  in  some  way  to  repay  the  honor  that  has  been  conferred 
upon  him.  My  immediate  predecessors  have  interpreted  this  in- 
junction to  mean  a  summary  of  engineering  progress  within  our 
own  State,  and  I  have  followed  their  example  in  this  address  to  the 
best  of  my  ability,  having  imposed  upon  many  in  asking  their 
assistance,  as  it  is  the  only  way  I  could  devise  whereby  I  could 
intelligently  follow  out  the  spirit  of  the  constitution. 

The  past  year  has  been  one  of  unprecedented  prosperity  over 
the  whole  country,  and  there  is  no  profession  that  feels  prosperity 
sooner  and  to  a  greater  extent  than  ours.  The  engineer  is  the 
first  to  suffer  from  hard  times  and  the  first  to  profit  from  renewed 
activity. 

Montana  has  not  fallen  behind  in  the  universal  prosperity  of 
the  past  year,  and  the  writer  has  been  surprised,  in  collecting  the 
following  notes,  at  the  immense  amount  of  construction  during  the 
year  1899  within  our  State  boundaries.  It  is  a  pleasure  to  note 
that  most  of  this  work  has  been  designed  and  built  by  members  of 
our  Society,  and  we  can  justly  feel  proud  of  our  achievements.  In 
no  other  branch  of  the  profession  has  improvement  been  more 
marked  in  our  State  during  the  past  year  than  in  the  mechanical 
department.  The  large  mining  companies  of  the  State  have  been 
replacing  the  old  machinery  by  the  most  improved  and  modern  ap- 
pliances. The  "hill,"  as  it  is  designated  in  Butte,  is  assuming  an 
entirely  changed  appearance  as  compared  with  that  of  a  few  years 
ago.  We  can  no  longer  indicate  the  famous  Anaconda  Mine  to 
visitors  bv  "those  twelve  smokestacks  on  the  brow  of  the  hill." 


*Manuscript  received  Februarj'  2,  1900. — Secretary,  Ass'n  of  Eng.  Socs. 
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The  smokestacks  have  been  repkiced  by  one  inuncnse  steel  chimney. 
The  old  famiHar,  thongh  nnsightly,  shaft  house,  with  its  coat  of 
dull  red  paint,  is  rapidly  being-  replaced  by  the  graceful  steel  gal- 
lows frame,  with  its  engine  house  built  alongside  of  modern  fire- 
proof construction,  and  often  with  a  laudable  attempt  at  architec- 
tural beauty. 

In  collecting  the  data  for  this  sunnnary  the  writer  has  been 
surprised  at  the  quality  and  amount  of  machinery  of  latest  improved 
pattern  which  has  been  installed  within  the  Butte  district  during 
the  last  few  years.  The  following  list  of  the  machinery  in  use  at 
the  various  mines  of  the  Anaconda  Copper  ^Mining  Company  will 
no  doubt  be  interesting  to  many  of  you : 

Anaconda  Mine.  One  double-deck  30  by  yz  Poppet  valve 
hoisting  engine,  built  by  the  Union  Iron  Works.  One  cross  com- 
pound Ingersoll  air  compressor,  steam  cylinders  24  and  44  by  48. 
Air  cylinder  24.I  by  48.  Bcjiler  plant — six  200-horse  power  marine 
boilers. 

N caver  Szveat  Mine.  One  double  cross  compound  vertical 
Corliss  hoisting  engine,  steam  cylinders  26  and  46  by  72,  built  by  the 
Union  Iron  Works.  Two  cross  compound  Ingersoll  air  compres- 
sors, steam  cylinders  30  and  56  by  60,  air  cylinders  3O5  by  60. 
Boiler  plant — seven  250-horse  power  Berry  boilers. 

St.  Lazvrence  Mine.  On6  double  30  by  72  Poppet  valve  hoist- 
ing engine,  built  by  the  Union  Iron  Works.  Three  500-gallon  Cor- 
liss pumps,  air  cylinders  17  and  28  by  30,  built  by  the  Dickson 
Manufacturing  Company.  One  500-gallon  Reidler  pump,  steam 
cylinders  15  and  25  by  30.  Boiler  plant — five  250-horse  power 
Berry  boilers. 

Higli  Ore  Mine.  One  (l(iul)le  30  l)y  72  Poppet  valve  hoisting 
engine,  built  by  the  Union  Iron  Works.  One  Ingersoll-Sargeant 
air  compressor,  steam  cylinders  26  and  40  by  60,  air  cylinders  30^ 
by  60.  One  Ingersoll-Sargeant  air  compressor,  steam  cylinders  30 
and  50  by  60,  air  cylinders  30:^  by  60.  Three  500-gallon  Dickson 
pumps,  air  cylinders  17  and  28  by  30.  Boiler  plant — 1920  horse 
power. 

Bell  Mine.  One  double  20  by  48  Corliss  hoisting  engine,  built 
by  tlie  Chicago  Iron  Works.  One  Ingersoll-Sargeant  air  com- 
pressor, steam  cylinders  24  and  44  by  48,  air  cylinders  24I  by  28. 
Boiler  plant — 1420  horse  power. 

Diamond  Mine.  One  double  30  by  /2  Corliss  hoisting  engine, 
built  by  the  Risdon  Iron  Works. 

Green  Mountain  Mine.  One  double  28  by  72  Corliss  hoisting 
engine,  built  by  the  Webster,  Camp  &  Lane  Company.     One  Inger- 
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soll-Sargeant  air  compressor,  steam  cylinders  24  and  44  by  48,  air 
cylinders  24I  by  48.  One  Reidler  air  compressor,  steam  cylinders 
30  and  50  by  48,  air  cylinders  29  and  50  by  48.  Boiler  plant — 1560 
horse  power. 

Mountain  Con  Mine.  One  double  cross  compound  vertical 
Corliss  hoisting  engine,  steam  cylinders  26  and  46  by  y2,  built  by  the 
Union  Iron  Works.  One  Ingersoll-Sargeant  air  compressor,  steam 
cylinders  24  and  44  by  48,  air  cylinder  24-I  by  48.  One  Ingersoll- 
Sargeant  air  compressor,  steam  cylinders  22  and  40  by  60,  air 
cylinder  22 J  l)y  60.     Boiler  plant — 1280  horse  power. 

Mountain  Con  Mine  No.  2.  One  double  20  by  48  Corliss 
hoisting  engine,  built  by  the  Webster,  Camp  &  Lane  Company. 

The  foregoing  illustrates  the  class  of  machinery  now  l>eing 
installed  in  our  large  mining  properties,  and  I  thought  not  out  of 
place  in  a  paper  of  this  character.  To  the  chronic  alarmist,  who  is 
continually  prophesying  that  the  mines  are  pinching  out  and  that 
the  metropolis  of  our  State  has  but  a  few  years  of  municipal  life 
ahead  of  it,  I  commend  the  above  list  of  machinery  installed  and 
being  installed  at  the  various  mining  properties  in  that  district  as 
an  object  lesson  worthy  of  study.  With  the  diamond  drill  the 
miner  of  to-day  can  look  into  the  bowels  of  the  earth,  and  it  cer- 
tainly does  not  look  as  if  the  owners  of  properties  in  the  Butte  dis- 
trict have  found  nothing  by  so  doing. 

ANACONDA    MINING    COMPANY. 

The  principal  improvements  at  the  Anaconda  Copper  Mining 
Company's  properties  which  can  be  credited  to  the  year  1899  are 
as  follows : 

Anaconda  Mine.  New  boiler  plant,  consisting  of  six  9  feet 
diameter  by  22  feet  long  marine  boilers,  built  for  working  pressure 
of  170  pounds  per  scjuare  inch.  The  building  is  of  steel  and  brick, 
the  chimney  is  of  steel,  8  feet  9  inches  in  diameter  and  125  feet  in 
height,  and  self-supporting. 

St.  Lazvrence  Mine.  Three  new  cross  compound  Corliss  pumps 
have  replaced  the  old  Knowles  pumps. 

Never  Siveat  Mine.  One  cross  compound  Corliss  compressor 
has  been  installed,  and  one  more  is  under  construction. 

High  Ore  Mine.  This  plant  has  been  entirely  rebuilt  wnth  the 
exception  of  one  end  of  the  boiler  plant.  The  improvements  con- 
sist of  one  new  steel  gallows  frame  100  feet  in  height,  one  steel 
engine  house,  one  steel  compressor  building,  two  large  Corliss  air 
compressors,  one  double  30  by  72  hoisting  engine,  six  marine 
boilers,  one  8  feet  9  inches  self-supporting  steel  chimney  125  feet 
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in  licis^iit,  one  sawmill,  one  rope  house,  one  machine  shop,  new  ore 
bins,  and  new  cross  compound  Corliss  pumps  have  replaced  the  old 
Knowles  pumps;  also  one  ilouble  10  by  16  geared  hoist  and  cage  far 
pump  shaft. 

Diamond  and  Bell  Mi)ics.  One  100-foot  steel  gallows  frame, 
one  steel  engine  house,  one  double  30  by  72  hoist  and  four  new 
marine  boilers. 

All  the  mines  mentioned  are  provided  with  9  and  lo-ton 
skips  for  hoisting  the  ore,  and  it  has  been  definitely  settled  that 
skips  can  be  hung  either  above  or  below  the  double-deck  cage 
without  any  inconvenience. 

The  ore  is  either  dumped  direct  into  the  ore  bins  at  the  rail- 
road track,  or  hauled  there  from  the  skip  bins  by  air  locomotives  and 
5-ton  cars. 

BOSTON  AND  MONTANA  AND  BUTTE  AND  BOSTON  MINING  COMPANIES. 

I  am  indebted  to  Mr.  C.  H.  Repath,  member  Montana  Society 
of  Engineers,  for  the  following  description  of  the  improvements  at 
the  Boston  and  Montana  and  Butte  and  Boston  properties  during 
the  past  year : 

"The  most  important  work  completed  this  year,  but  commenced 
in  the  vear  previous,  was  the  completion  of  the  converter  plant  at 
the  Butte  and  Boston  smelter,  together  with  the  power  house  and 
boiler  plant.  The  boiler  plant  consists  of  five  Evans  locomotive 
fire-box  boilers,  capable  of  carrying  150  pounds  pressure,  and  hav- 
ing a  heating  surface  of  2100  square  feet  each.  The  plant  is 
equipped  with  coal  bins  for  the  storage  of  coal,  and  coal-handling 
apparatus  for  receiving  the  coal  from  the  cars  and  storing  it  into 
the  bins.  Coal  is  brought  to  the  plant  by  dump  cars,  and  these 
cars  dump  the  coal  into  a  hopper  under  the  railroad  track.  From 
this  hopper  a  Jefifry  coal  elevator  elevates  the  coal  to  a  sufficient 
height  and  distributes  it  into  the  coal  storage  bins.  There  are 
openings  in  these  bins  directly  opposite  each  boiler.  The  ashes 
from  the  boilers  drop  from  the  grates  into  pockets  under  the  boilers, 
and  from  thence  are  loaded  into  a  car  that  runs  in  a  tunnel  under- 
neath the  floor  of  the  boiler  house.  At  the  end  of  this  tunnel  or 
cellar  there  is  a  platform  elevator  that  takes  the  car  up  about  20 
feet.  From  thence  it  is  run  on  to  a  trestle.  This  provides  an  ash 
dump  of  about  20  feet  high. 

"The  smoke  from  these  boilers  enters  a  large  underground  flue, 
which  communicates  with  a  large  stack  that  is  7  feet  in  diameter 
and  156  feet  high.  The  boiler  house  is  a  brick  building  with  steel 
posts,  rafters  and  composition  roof. 
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"Power  Plant.  We  have  completed  this  year  a  new  power 
house  92  feet  by  92  feet.  In  this  power  house  we  have  placed  a 
power  engine  having  900  maximum  horse  power.  This  engine 
furnishes  power  for  the  concentrator,  for  a  power  pump  and  also 
for  about  500  horse  power  of  electric  machinery  for  lighting  our 
mines,  and  for  furnishing  electric  power  for  the  smelter.  In  this 
power  house  is  also  located  a  large  blowing  engine  for  furnishing 
air  for  our  converter  plant.  The  power  house  is  a  fireproof  build- 
ing, and  is  equipped  with  three  cranes  for  handling  the  machinery. 
There  is  also  installed  a  Worthington  power  pump  having  a  maxi- 
mum capacity  of  300  gallons  per  minute.  The  pump  is  driven  from 
the  main  shaft  of  the  concentrator.  This  pump  gets  its  water  from 
a  large  shallow  reservoir  made  by  putting  a  dam  in  Silver  Bow 
Creek.  This  has  been  built  during  the  last  year.  From  this  pond 
the  water  passes  through  a  large  tunnel  that  ends  near  the  power 
house.  This  tunnel  is  6  feet  wide  and  8  feet  high  in  the  clear  and 
350  feet  long.  The  pump  cylinders  are  placed  in  a  large  well,  and 
the  power  end  of  the  pump  is  situated  above  the  water  cylinders. 

"Converter  Plant.  The  converter  plant  was  mostly  built  in  the 
year  of  1899,  but  was  started  in  1898.  The  building  is  a  steel 
building,  equipped  with  a  40-ton  crane  and  all  necessary  apparatus 
for  converting  copper  matte.  There  are  two  complete  stands  of 
converters  and  four  extra  converter  bowls.  Air  for  blowing  these 
converters  is  furnished  by  the  blowing  engine  above  mentioned,  the 
air  being  conveyed  in  a  pipe  located  in  a  tunnel  which  extends  from 
the  converter  plant  to  the  power  house.  The  type  of  converters 
used  is  what  is  known  as  the  barrel  converters. 

"Concentrator  Plant.  At  our  concentrator  we  have  made  an 
extensive  addition,  known  as  the  slime  table  addition,  in  which 
has  been  placed  eight  double-decked  Evans  slime  tables.  We  have 
also  erected  what  is  known  as  the  tailings  elevator  building,  for 
elevating  tailings  made  by  the  treating  of  ores  in  our  concentrator. 
They  are  capable  of  elevating  2000  gallons  of  water  per  minute 
with  the  tailings  from  our  mill.  It  had  become  necessary  to  elevate 
our  tailings  high  enough  so  that  the  trestle  work  which  supported 
the  tailings  launder  would  clear  the  street  railway  and  the  Northern 
Pacific  tracks.  The  trestle  work  that  carries  this  tailings  launder 
is  about  900  feet  long,  and  in  some  places  is  about  50  feet  high. 

"Smelter.  We  have  also  installed  several  electric  motors. 
These  are  the  latest  type  Westinghouse  and  General  Electric  three- 
phase  induction  motors.  The  power  for  operating  these  motors  is 
supplied  by  a  three-phase  Westinghouse  generator  situated  in  our 
powder  house.     This  generator  has  a  capacity  of  180  K.  W.     The 
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traniiiiing-  of  our  slag  is  also  clone  by  an  electric  locomotive,  which 
has  been  recently  installed. 

"At  the  mines  of  both  the  Butte  and  Boston  and  the  Boston 
and  Montana  there  have  been  only  minor  improvements  made  in  the 
way  of  machinery.  At  both  the  Mountain  View  and  the  Leonard 
Mines  of  the  Boston  and  Montana  Company  we  are  erecting  steel 
gallows  frames.  These  are  94  feet  high  over  all.  The  method  of 
handling  and  tramming  the  ore  after  it  reaches  the  surface  of  these 
mines  will  be  done  hereafter  by  horses  instead  of  by  men  as  at 
present.  In  front  of  the  new  gallows  frames  bins  have  been  erected, 
the  tops  of  which  are  about  24  feet  above  the  collars  of  the  shafts, 
thus  giving  us  sufficient  height  to  store  the  ore  and  also  load  it  into 
cars  holding  about  five  tons  each.  Horses  will  take  these  cars  out 
tc  the  railway  bins,  which  are  situated  several  hundred  feet  distant. 

"At  Great  Falls  the  company  has  built  and  put  into  successful 
operation  large  blast  reverberatory  furnaces.  The  former,  under 
favorable  conditions,  have  smelted  over  500  tons  of  material  per  day 
for  each  furnace,  and  the  latter  nearly  200  tons.  A  new  calcining  or 
roasting  plant  has  been  built,  each  furnace  having  a  daily  capacity 
of  35  tons,  and  using  no  fuel.  The  roaster  is  of  the  McDougall 
type,  as  patented  in  England  in  1891,  with  some  important  im- 
provements." 

GREAT    NORTHERN    MINING    AND   DEVELOPING    COMPANY. 

I  am  indebted  to  Mr.  E.  W.  King,  member  Montana  Society  of 
Engineers,  for  the  following  description  of  the  work  done  during 
the  past  year  by  the  Great  Northern  ]\Iming  and  Development  Com- 
pany at  Gilt  Edge,  ^Montana  : 

"A  new  plant  has  been  built  at  a  cost  of  about  $75,000  for  the 
treating  of  ore  by  the  cyanide  process.  The  plant  was  built  during 
the  winter  of  1898-99,  and  the  extremely  hard  weather  made  the 
construction  of  it  very  slow,  as  over  one  million  pounds  of 
machinery  had  to  be  freighted  by  wagon  from  Fort  Benton  and 
Armington  to  the  mines,  a  distance  of  about  120  miles  and  over  a 
range  of  mountains.  The  present  capacity  of  the  mill  is  140  tons 
of  ore  per  day,  and  this  will  probably  be  increased  to  200  tons  per 
day  during  the  coming  summer.  The  ore  is  crushed  as  it  comes 
from  the  mine  by  a  No.  5  Gates  crusher;  from  there  it  passes 
through  an  E.  P.  Allis  drier,  thence  through  two  sets  of  16  by  30- 
inch  Gates  rolls,  and  from  there  to  a  large  storage  bin,  from  which 
it  is  discharged  into  the  leaching  tanks  by  a  2-ton  car  run  by  a  cable. 
There  are  six  leaching  tanks,  each  28  feet  diameter  by  3  feet  high, 
with  the  usual  solution,  settling,  sump  and  wash  water  tanks.     The 
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mill  is  operating  very  satisfactorily,  and  the  mining  and  milling  is 
done  cheaply  enough  so  that  ore  assaying  $2.50  per  ton  can  be 
worked  at  a  profit." 

MONTANA   ORE    PURCHASING    COMPANY. 

Mr.  G.  H.  Robinson,  member  Montana  Society  of  Engineers, 
has  kindly  furnished  me  with  the  following,  showing  the  improve- 
ments made  by  the  Montana  Ore  Purchasing  Company  during  the 
year  1899: 

"The  smelting  plant  consisted  of  four  reverberatory  smelting 
furnaces  at  the  beginning  of  the  year,  with  a  capacity  of  180  to  200 
tons  of  ore  per  day.  These  have  been  increased  by  the  addition  of 
two  new  ones  of  larger  capacity,  and  the  roasting  plant  has  been 
increased  by  the  addition  of  forty-five  circular  roasters,  having  a 
capacity  of  about  6  tons  each  per  day.  Two  additional  blast 
furnaces  have  been  added  to  the  plant,  and  will  be  blown  in  in  the 
near  future.  These  furnaces  will  have  a  capacity  of  250  tons  each 
daily.  The  entire  power  plant  has  been  overhauled,  and  enlarged 
by  the  addition  of  a  compound  condensing  engine  of  300  horse 
power  for  operating  the  smelter  plant.  A  new  blowing  machine  of 
large  capacity,  especially  built  for  operation  by  steam  or  electricity, 
capable  of  supplying  air  to  eight  stands  of  copper  converters,  has 
been  added,  the  converting  department  having  been  doubled  during 
the  year ;  while  the  boiler  plant  has  been  increased  by  the  addition 
of  1000  horse  power  in  Stirling  water  tube  high-pressure  boilers. 

"Generally  speaking,  the  plant  has  been  rebuilt,  and  capacity 
of  plant  increased  from  1,000,000  pounds  of  copper  per  month  to 
4,000,000  during  the  same  period,  and  it  brings  this  plant  up  to  the 
dignity  of  one  of  the  large  copper  smelting  plants  of  the  district 
and  country. 

"The  increase  of  reduction  plant  has  made  it  necessary  for  the 
company  to  correspondingly  improve  and  increase  the  capacity  of 
its  mining  plant." 

At  the  Rarus,  owned  by  the  Montana  Ore  Purchasing  Com- 
pany, the  No.  I  shaft  has  been  abandoned,  and  the  No.  2  shaft  has 
been  equipped  with  a  powerful  first  motion  engine,  capable  of 
hoisting  from  a  depth  of  2100  feet.  A  duplex  compound  20  by  60 
Rand  air  compressor,  capable  of  supplying  air  to  fifty  machine 
drills,  built  for  operation  by  steam  or  electricity,  is  being  installed, 
and  an  entirely  new  plant  of  high-pressure  boilers,  rated  at  900  horse 
power,  is  under  construction  at  a  convenient  point  to  permit  the 
large  coal  dumps  recently  adopted  by  the  coal  companies  and  rail- 
roads to  discharge  into  the  coal  pit  of  the  boiler  plant.     A  new 
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Ijunipiiii;-  plant  is  also  under  construction,  suitable  for  deep  mining, 
the  pumps  being  the  compound  ct)ndensing  plunger  type,  with  a 
maximum  lift  of  1200  feet. 

The  Heinze  syndicate,  who  own  the  Montana  ( )re  Purchasing 
Company,  have  also  installed  a  new  boiler  plant  of  700  horse  power 
at  its  Nipper  Mine,  and  a  compressor  plant  with  30  drills  capacity. 
A  new  double  first  motion  20  by  60  engine  is  also  under  contract 
for  this  property.  The  mining  plants  at  its  Schweizer,  L.  E.  R., 
Corra  and  Minnie  Healy  mines  are  as  yet  only  heavy  prospecting 
plants,  and  will  be  replaced  by  heavy  mining  plants  during  the 
present  year. 

Not  wishing  to  confine  this  simimary  entirely  to  mining, 
though  probably  the  largest  part  of  our  members  are  connected 
with  this  industry,  the  writer  has  selected  the  above  companies  to 
illustrate  the  progress  of  engineering  within  our  State  under  this 
head.  The  undergroimd  development  would  be  interesting,  but 
for  reasons  undoubtedly  good  it  is  impossible  to  obtain  any  infor- 
mation upon  that  subject,  and  we  can  only  surmise  that  the  develop- 
ment work  has  kept  pace  with  the  surface  improvements. 

IRRIGATION. 

During  the  year  1899  there  has  been  no  unusual  activity  in 
irrigation  projects  throughout  the  State,  though  the  following  notes 
show  that  we  can  with  satisfaction  "report  progress  and  ask  for 
more  time." 

Through  the  investigations  and  energy  of  the  State  Arid  Land 
Grant  Commission,  as  well  as  through  private  enterprise,  we  may 
hope  in  the  near  future  to  see  many  barren  wastes  transformed  into 
thriving  ranches,  increasing  our  population  and  prosperity.  Every 
acre  of  ground  redeemed  by  irrigation  is  a  standing  advertisement 
to  the  w^orld,  and  w'ill  bring  a  class  of  immigration  which  w'ill 
benefit  the  State  in  every  particular.  The  farmer  is  always  a 
growler,  and  never  exactly  satisfied  with  conditions,  but  there  is  no 
more  independent  and  valuable  immigrant  to  induce  to  become  a 
citizen  of  our  State. 

I  am  indebted  to  Mr.  Donald  Bradford,  member  Montana 
Society  of  Engineers,  for  the  following: 

"The  State  Arid  Land  Grant  Commission  has  done  consider- 
able engineering  on  a  line  of  canal  near  the  town  of  Bridger,  in 
Carbon  County,  :\Iontana.  The  canal  will  be  8^-  miles  long,  15  feet 
wide  on  the  bottom  and  will  carry  5  feet  depth  of  water.  It  is  pro- 
posed to  irrigate  12,000  acres  of  very  fine  bench  land.  Work 
should  be  completed  in  the  spring. 
21 
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"We  have  a  nunil)er  of  engineers  in  the  field  in  Northern  Mon- 
tana on  some  prehniinary  work,  preparatory  to  the  segregation  of 
lands  and  the  construction  of  a  canal.  The  engineers  are  not  ready 
to  report  as  yet,  so  I  cannot  give  you  any  information  on  that  point, 
hut  will  he  glad  to  do  so  when  information  is  availahle. 

"We  also  have  a  number  of  engineers  in  district  Mo.  2,  in  Sweet 
Grass  County,  who  are  now  preparing  plans  and  specifications  for 
a  canal  for  the  reclamation  of  50,360  acres  of  land.  The  contract 
has  been  let,  and  work  will  begin  this  winter  on  the  headworks." 

Mr.  E.  C.  Kinney,  member  Montana  Society  of  Engineers, 
writes  as  follows  concerning  the  enterprise  of  which  he  is  manager: 

"The  West  Gallatin  Irrigation  Company  have  now  about  60 
miles  of  main  canal,  with  probably  20  miles  more  of  laterals.  We 
carried  about  6000  inches  of  water  ai  the  head  of  the  canal,  and 
watered  crops  on  3800  acres.  The  loss  from  seepage  on  so  long  a 
run  is  very  great,  and  has  annoyed  us  greatly.  It  is  proposed  next 
year  to  make  some  tests  and  locate  if  possible  the  trouble,  with  a 
view  to  correcting  it. 

"We  have  duriiig  the  last  year  nearly  completed  18  miles  of 
new  main  line  canal,  for  the  purpose  of  supplying  water  to  the  lower 
end  of  our  present  canal.  In  the  original  construction  of  the  canal, 
after  the  line  had  been  constructed  on  grade  for  32  miles,  there  was 
put  in  a  drop  of  300  feet ;  then  the  line  was  carried  on  for  more  than 
20  miles.  We  have  always  found  trouble  in  supplying  this  lower 
part.  We  found  that  by  building  a  cut-ofi^  of  18  miles  from  the 
river  we  could  strike  the  lower  part  of  the  canal  at  a  point  35  miles 
from  the  head  by  the  old  line.  It  was  judged  best  to  build  the  new 
line  rather  than  to  try  to  enlarge  the  old  canal,  especially  as  it  had 
been  developed  that  there  was  plenty  of  land  above  the  new  junction 
point  lo  use  all  the  water  that  could  be  carried  in  the  old  canal. 

"In  the  construction  of  the  new  canal  we  have  introduced  some 
new  methods  in  the  way  of  shortening  the  line  and  making  it  more 
permanent.  At  one  point  we  used  a  thorough  cut  900  feet  long  and 
40  feet  deep  at  the  deepest  place,  rather  than  build  6^  miles  of  canal 
over  very  bad  ground.  At  three  other  points  we  used  the  Allen 
patent  wood  stave  pipe  to  cross  deep  ravines,  rather  than  to  build 
long  distances  around  over  bad  ground.  These  pipes  are  respec- 
tively 660  feet  of  44-inch  pipe  with  a  drop  of  12  feet,  2000  feet  of 
46-inch  pipe  with  a  drop  of  12  feet  and  a  hydraulic  head  of  114  feet, 
a  third  pipe  1180  feet  long,  34  inches  diameter  and  a  drop  of  28 
feet,  and  a  hydraulic  head  of  al)out  60  feet.  Otherwise  I  think 
there  is  nothing  out  of  the  usual  run  of  canals." 
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-Mr.  A.  i^.  L'uinmin,!;-.  mcnihor  Montana  Society  of  Engineers, 
writes  from  Fort  Belknap  that  the  construction  work  contemplated 
for  the  year  1899,  under  his  supervision,  on  the  Fort  lielknap  irri- 
gation system  has  been  delayed  from  various  reasons,  and  that  only 
a  small  amount  of  preliminary  work  has  been  done,  consisting  prin- 
cipally of  the  making  of  a  contour  map  of  about  3000  acres  of  land 
to  be  irrigated  by  the  proposed  system.  Mr.  Page  in  his  address 
last  year  quite  fully  described  this  project,  and  we  hope  at  some 
future  time  to  hear  from  Mr.  Gumming  on  the  construction,  with 
Indian  labor  to  do  the  work. 

MUNICIPAL    Vt-QRK. 

The  population  of  our  State  is  increasing  fast,  and  each  vear 
sees  laudable  efiforts  b}'  our  citizens  to  beautify  and  improve  their 
cities.  In  many  of  them  we  find  the  streets  being  paved,  and 
improved  laws  made  whereby  the  buildings  are  constructed  with 
more  care  and,  incidentally,  with  more  architectural  taste.  Our 
private  residences,  schoolhouses  and  public  buildings  are  not  de- 
signed by  carpenters  and  built  with  straight  lines,  mere  unsightly 
masses  of  brick  or  wood,  as  was  the  case  a  few  years  ago.  More 
and  more  each  year  do  we  see  a  desire  for  the  beautiful,  which 
shows  that  we  are  gradually  outgrowing  that  sentiment  of  the  past 
that  we  are  only  sojourners  here.  We  begin  to  realize  that  Mon- 
tana is  our  home,  and  that  we  are  not  residents  of  an  undesirable 
State,  Grover  Gleveland  to  the  contrary  notwithstanding.  We  feel 
that  Montana  is  cur  home,  and  we  desire  to  make  that  home  a 
credit  to  ourselves.  In  no  way  is  this  feeling  more  positively 
demonstrated  than  in  the  great  strides  our  cities  have  made  in  the 
past  few  years  in  municipal  improvements.  In  the  street  improve- 
ments, sewer  extensions,  water  works  construction  and  school 
buildings  of  the  past  year  we  see  a  desire  to  do  permanent  work, 
and  an  indication  that  we  are  no  longer  mining  camps,  but  growing 
cities,  in  which  the  health  and  comfort  of  the  inliabitants  demand 
some  consideration. 

In  lUitte  there  has  been  laid  during  the  past  year  10,705  square 
yards  of  granite  block  pavements,  with  3238  lineal  feet  of  perma- 
nent curb.  In  addition  to  this  nearly  $25,000  have  been  expended 
in  extension  of  permanent  storm  and  sanitar)^  sewers.  1 1,270  lineal 
feet  of  wooden  sidewalks  have  l)een  laid  in  addition  to  the  perma- 
nent sidewalks  laid  in  connection  with  the  permanent  paving. 
Over  $35,000  have  been  expended  in  repairs  and  extensions  of 
unpaved  streets,  and  plans  are  now  being  formulated  to  extend  the 
street  paving  still  more  during  1900.     The  extension  of  the  water 
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plant  is  now  being  constructed,  whereby  the  source  of  supply  will 
be  the  Big  Hole  River,  and  it  is  hoped  and  expected  that  the  water 
question  of  Butte  will  thereby  be  permanently  settled.  This  exten- 
sion, of  which  the  writer  is  chief  engineer,  is  now  about  half  done, 
and  it  is  to  be  hoped  that  by  the  next  annual  meeting  of  our  Society 
the  new  works  will  be  in  operation.  The  street  car  system  has 
been  extended,  and  many  permanent  improvements  made  in  its 
plant.  Mr.  Blackford,  member  Montana  Society  of  Engineers,  says 
their  extension  to  the  Columbia  Gardens  during  1899  was  the 
principal  construction  work.  The  old  line,  which  was  laid  with 
light  rails  upon  a  grade  in  some  places  of  7  4-10  per  cent.,  was  re- 
placed by  a  double  track  laid  upon  a  roadbed  with  a  6  per  cent, 
maximum  grade.  The  new  track  was  laid  with  52-pound  rails,  and 
the  total  cost  amounted  to  $28,500.  This  branch,  as  well  as  the 
remarkable  extension  described  by  Mr.  Blackford  in  a  paper  before 
the  Society  during  1898,  have  been  successfully  operated  during  the 
past  year  with  no  serious  accidents. 

Mr.  McDonald,  member  Montana  Society  of  Engineers,  city 
engineer  of  Anaconda,  writes  that  they  have  built  during  1899 
3700  feet  of  lateral  sewers,  and  graded  about  two  miles  of  street, 
besides  the  regular  work  of  maintenance.  It  will  not  be  long 
before  Anaconda  will  have  to  get  in  line  with  the  other  cities  and 
start  permanent  street  improvements. 

There  are  many  matters  under  the  head  of  municipal  engi- 
neering which  would  be  of  benefit  to  the  Society  and  others  to  have 
brought  up  for  discussion.  Mr.  Swearingen  has  called  my  atten- 
tion to  some  defects  in  our  laws  in  relation  to  municipal  improve- 
ments, but  lack  of  time  and  space  prevents  their  discussion  at  this 
time.  It  is  to  be  hoped,  however,  that  he  will  bring  the  subject 
before  the  Society  at  some  future  time,  for  it  is  a  subject  in  which 
every  taxpayer  is  interested,  as  well  as  members  of  the  Society. 
The  question  of  the  proper  material  for  permanent  street  paving  is 
another  important  subject  which  would  be  interesting  and  instruc- 
tive for  the  Society  to  take  up.  It  will  not  be  many  years  before 
several  other  cities  in  the  State,  besides  such  as  are  now  making 
improvements,  will  have  to  grapple  the  subject  of  street  paving. 
The  writer  believes  that  granite  blocks  should  be  used  sparingly, 
and  believes  if  some  encouragement  were  offered  that  a  clay  could 
be  found  in  Montana  from  which  a  first-class  paving  brick  could  be 
made,  and  a  cheaper  and  better  pavement  result.  The  noise  from 
granite  block  pavements  is  the  most  objectionable  feature,  and  as 
the  paved  streets  extend  beyond  the  interior  business  section  the 
evil  will  be  more  fuUv  realized.     During  a  recent  visit  in  the  East 
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the  writer  saw  -^raiiilc  Mocks  hciiii;'  removed  and  replaced  with 
asphalt,  althouoh  the  blocks  were  in  first-class  condition.  Diiring' 
the  year  we  have  had  one  able  paper  on  this  subject  by  Mr.  Black- 
ford, and  it  would  be  of  great  value  to  us  all  if  the  matter  could  be 
further  discussed.  Discussion  of  such  matters  by  this  Society 
should  have  weight  with  taxpayers  and  city  officials,  and  if  we  suc- 
ceed in  obtaining  better  and  more  satisfactory  work  in  any  one  case 
it  will  be  a  satisfaction  and  reward  for  the  trouble. 

R.MLROADS. 

Railroad  construction  during  1899  ^^'is  been  active  all  over  the 
United  States,  and  promises  to  be  more  so  in  Montana  during  1900. 
Owing  to  the  fact  that  the  railroad  companies  do  not  divide  their 
statistics  by  State  lines,  the  writer  feels  doubly  grateful  for  the 
following  notes,  as  thev  represent  considerable  trouble  to  produce 
them. 

^^Ir.  E.  H.  McHenry,  honorary  member  of  our  Society,  has 
kindly  furnished  the  following  information  concerning  the  work  in 
Montana  by  the  Northern  Pacific  Railway  Company : 

"Construction.  During  the  present  year  the  Clarks  Fork 
branch,  19.44  miles  in  length,  and  Gaylord  branch,  22.2  miles  in 
length,  were  completed.  These  branches  were  begun  the  previous 
year.  The  former  was  constructed  from  its  junction  with  the 
Rocky  Fork  branch,  near  Rockvale,  to  Gebo  and  Bridger  for  the 
purpose  of  serving  the  coal  mines  along  the  Clark  Fork  Valley. 
The  latter  w^as  constructed  from  the  Parrot  Smelter  to  Tw'in 
Bridges. 

"Improvenicnts  and  Betterments,  Constructed  Lines.  A  great 
Tiumber  of  timber  bridges  were  replaced  by  embankments  and  steel 
bridges,  but  the  statistics  for  Montana  cannot  be  segregated.  Our 
old  steel  rail  of  56  pounds  section  was  replaced  by  new  rail  of  72 
pounds  section,  as  follows  :Yellowstone  division,  40.28  miles ;  Mon- 
tana division,  2<>i6  miles;  Rocky  Mountain  division,  19. i  miles. 
Xearly  all  of  this  was  in  the  State  of  Montana. 

"Track  was  ballasted  on  the  various  divisions  as  follows :  Yel- 
lowstone division,  59.4  miles;  Montana  division,  61.4  miles;  Rocky 
Mountain  division,  51.3  miles.  In  all  cases  banks  were  widened, 
sags  filled  and  spiral  easement  curves  provided  at  curve  ends. 

"Grades  were  reduced  along  the  Yellowstone  Valley  and 
between  Bozeman  and  Flelena  and  between  Garrison  and  Avon,  the 
details  of  which  are  given  in  the  annual  report. 

"The  permanent  lining  of  the  Big  Horn  Tunnel  w  ith  concrete 
and  brick   was  completed.     The   total   length   of  lining  was    1068 
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lineal  feet,  requiring-  4043  cubic  yards  of  concrete.  The  work  of 
permanently  relining  the  Iron  Ridge  Tunnel  is  now  in  progress. 
The  Avon  Tunnel,  in  the  Hell  Gate  Valley,  is  now  being  taken  out 
as  an  open  cut. 

"Extensive  terminal  improvements  were  made  at  Livingston, 
Butte  and  Missoula.  Interlocking  plants  were  provided  at  the 
crossing  of  the  Montana  Central  Railway  at  Butte. 

"Permanent  steel  structures  have  been  authorized  at  various 
points  on  the  main  line  at  twelve  different  stream  crossings,  the 
work  on  which  is  now  in  progress." 

Mr.  J.  C.  Patterson,  member  Montana  Society  of  Engineers, 
gives  the  following  summary  of  work  in  Montana  by  the  Great 
Northern  Railway  during  1899: 

"Havre  to  Great  Falls — Bridge  No.  608,  no  feet  long,  replaced 
with  48-foot  steel  girders  on  masonry;  bridge  No.  616,  81  feet  long, 
replaced  with  24-foot  steel  girders  on  masonry;  bridge  No.  621,  80 
feet  long,  replaced  with  24- foot  steel  girders  on  masonry ;  bridge 
No.  622,  94  feet  long,  replaced  with  24-foot  steel  girders  on 
masonry;  bridge  No.  749,  80  feet  long,  replaced  with  18-foot  steel 
girders  on  masonry,  making  445  feet  of  pile  and  trestle  bridge  re- 
placed with  138  feet  of  steel  girders  on  masonry  foundations, 
balance  of  the  structures  being  filled. 

"Great  Falls  to  Helena — Bridge  No.  23,  378  feet,  replaced  with 
one  200-foot  through  truss  and  three  45-foot  through  girders  on 
masonry. 

"Helena  to  Butte — Bridge  No.  82,  90  feet  long,  replaced  with 
60-foot  steel  deck;  bridge  No.  83,  133  feet  long,  replaced  with  60- 
foot  steel  deck ;  bridge  No.  85,  86  feet  long,  replaced  with  48-foot 
throtigh  plate  girder ;  bridge  No.  86,  82  feet  long,  replaced  with  60- 
loot  through  plate  girder;  bridge  No.  90,  70  feet  long,  replaced 
with  60-foot  through  plate  girder;  bridge  No.  121,  105  feet  long, 
replaced  with  36-foot  through  plate  girder,  making  566  feet  of 
bridges  replaced  with  324  feet  of  steel  bridging  on  masonry  foun- 
dations. 

"Great  Falls  to  Neihart — Bridges  180.  186,  187,  188,  189,  or  a 
total  of  1243  ^eet  of  bridging  completely  filled.  re([uiring  171,352 
cubic  yards  of  filling,  which  was  done  by  steam  shovel  and  work 
trains. 

"Relaying  during  1899 — Between  Wolf  Creek  and  Silver  and 
Northern  Pacific  crossing  and  Helena  25  miles  were  relayed,  tak- 
ing up  60  and  68-pound  steel  and  putting  in  77^-poun(l  rail. 

"Between  Woodville  and  Butte  about  8  miles  were  relayed,  tak- 
ing out  75-pound  steel  and  jnitting  in  77-^--pound." 
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1  attach  hcretd  a  description  nf  the  work  of  the  cliaiii^c  of  hue 
hctwoen  W-rona  junction  and  Marias  Junction,  on  the  (Ireat  Falls 
line,  between  Havre  and  (ireat  I'^alls,  as  written  1)\  .Mr.  F,.  R.  Mc- 
Xeill,  engineer  in  chars^e  of  the  work  : 

"The  \  erona  to  Marias  change  of  line  on  the  (Ireat  I'alls-Havre 
division  has  involved  the  construction  of  24  8-10  miles  of  new  line, 
leaving  the  present  constructed  line  about  7  miles  west  of  Big 
Sandy,  and  connecting  with  it  again  al)out  one-(|uarter  mile  west  of 
the  Teton  River  crossing.  The  object  of  this  change  is  to  reduce 
the  1  per  cent,  eastbound  and  westbound  gradients  to  0.5  per  cent, 
eastbound  and  0.4  per  cent,  westbound,  and  to  reduce  the  maxinuun 
degree  of  curvature  from  6°  to  4°.  The  grades  on  the  new  line 
are  compensated  for  curvature,  while  the  i  per  cent,  grade  on  the 
constructed  line  is  not  compensated.  The  constructed  line  between 
the  termini  of  the  new  line  runs  over  a  rolling  prairie  country.  It 
was  light  prairie  construction  without  any  difificult  engineering 
features,  while  the  new  line,  which  does  not  depart  from  it  more 
than  six  miles  at  any  point,  traverses  a  rougli  and  precipitous  route, 
involving  a  considerable  amount  of  difficult  construction  work. 
After  leaving  the  point  on  the  constructed  line  seven  miles  west  of 
Big  Sandy,  the  new  line  follows  the  east  bank  of  Coal  Bank  Coulee 
for  a  distance  of  five  miles,  to  a  point  near  its  junction  wuth  the 
jMissouri  River,  when  the  coulee  is  crossed  with  a  steel  trestle  832 
feet  long  and  90  feet  high,  made  up  of  32  and  64-foot  girders  car- 
ried by  steel  towers,  which  are  supported  upon  masonry  pedestals. 
From  this  bridge  the  line  follows  along  the  north  bank  of  the  Mis- 
souri River  for  a  distance  of  17  miles.  About  six  miles  of  this 
distance  is  along  per])endicular  cut  banks  of  clay  and  shale,  which 
extend  to  a  height  of  from  too  to  150  feet  above  low  water.  Along 
these  cut  bank  sections  consideral)le  difficulty  was  encountered  in 
laying  out  the  work  for  the  contractors,  and  in  many  cases  cross- 
sectioning  has  been  resorted  to  three  separate  times  to  correctly 
determine  the  cubic  contents  of  material  moved.  Before  the  taking 
out  of  the  roadbed  prism  was  undertaken  on  the  cut  bank  sections, 
holes  were  drilled  along  the  margin  of  the  perpendicular  bluffs. 
These  holes  were  general]}-  al)out  25  feet  deep,  and  were  heavilv 
loaded  with  black  pcnvder,  a  hue  of  them  being  fired  simultaneously 
by  battery.  In  this  manner  the  bluffs  were  brought  to  a  uniform 
slope,  and  the  line  was  retraced  and  the  roadbed  cross-sectioned. 
About  125,000  cubic  yards  of  material  was  m(n-ed  by  means  of  an 
hydraulic,  the  operation  being  similar  to  hydraulic  mining,  except 
instead  of  getting  the  pressure  under  a  gravity  head  it  was  secured 
by  means  of  a  large  pum]>  and  boiler  mounted  u]:)on  a  l)arge  in  the 
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Missouri  River,  the  water  being  pumped  direct  from  the  river  and 
forced  through  a  pipe  hne  and  nozzle  against  the  blufifs.  The 
material  so  moved  was  washed  into  the  river,  as  it  w^as  not  required 
for  emliankment  at  that  particular  point.  If  necessary,  however, 
material  can  l)e  carried  into  embankment  by  fluming.  Loam,  sand 
and  gravel  can  be  moved  by  this  method  at  an  exceedingly  low  cost 
per  cubic  yard.  Clay  and  shale,  which  first  are  recjuired  to  be 
blasted,  and  afterwards  break  in  large  blocks,  are  not  worked  so 
satisfactorily.  At  the  west  end  of  this  change  of  line  the  Marias 
River  is  crossed  with  a  550-foot  steel  truss  bridge,  consisting  of 
two  200  and  one  150-foot  spans,  supported  on  first-class  masonry 
piers.  The  piers  have  pile  foundations  with  steel  rail  grillage, 
carrying  4  feet  depth  of  concrete,  upon  which  the  masonry  is  built. 
The  stone  used  in  piers  is  Great  Falls  sandstone.  About  seven 
miles  of  line  and  adjacent  river  bank  will  require  riprapping  to  a 
height  of  from  5  to  15  feet,  requiring  about  50,000  cubic  yards  of 
riprap.  .\l)0ut  1,500,000  cubic  yards  of  loam,  hard  pan,  shale  and 
rock  will  be  moved.  800,000  F.  B.  M.  timber  has  been  used  in 
culverts.  Pile  and  trestle  bridges  520,000  F.  B.  M.,  piling  28,700 
lineal  feet.  Two  steel  and  masonry  bridges  as  hereinbefore  de- 
scribed." 

In  considering  the  magnitude  of  this  new  work,  and  the  re- 
sultant abandonment  of  the  present  operated  line,  the  doubt  natur- 
ally arises  as  to  the  wisdom  of  the  undertaking,  but  when  it  is  con- 
sidered that  the  300  class  locomotive,  which  is  rated  at  620  tons 
train  capacity  over  the  present  operated  line,  wdll  be  able  to  haul 
1265  tons  over  the  new  line,  and  other  classes  of  locomotives  at 
about  the  same  increased  ratio,  one  is  readily  convinced  that  the 
investment  is  a  good  one. 

The  work  has  been  done  under  the  direction  of  Mr.  John  C. 
Patterson,  resident  engineer,  Mr.  E.  R.  McNeill  having  been  engi- 
neer in  charge  of  the  work. 

POWER    DEVELOPMENT. 

The  large  and  increasing  demand  for  electricity  for  power  and 
other  purposes  has  stimulated  the  development  of  water  power  in 
our  State  during  tlie  past  few  years,  and  as  soon  as  the  question  of 
the  practicability  of  long  distance  transmission  is  thoroughly  set- 
tled the  writer  expects  to  see  many  more  such  enterprises  con- 
structed througliout  the  state.  During  the  past  year  the  Montana 
Power  Company,  of  Butte,  have  successfully  overcome  their  many 
difficulties,  and  are  at  present  operating  their  plant  and  delivering 
power  in  Butte.  This  makes  three  large  water  power  plants  in  suc- 
cessful operation  within  the  State,  and  there  are  several  others  in 
contemplation  wdiich  the  year  1900  may  see  actual  facts. 
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SOCIKTV    AFFAIRS. 

The  reports  of  the  Secretary  and  Treasurer  show  the  Society 
to  he  in  a  healthy  condition.  The  large  number  of  applications 
before  this  meeting  is  eminently  satisfactory,  and  the  writer  hopes 
that  our  membership  may  continue  to  increase.  For  details  con- 
cerning these  matters  you  are  referred  to  the  reports  of  officers. 
At  present  we  have  a  membership  of  one  hundred  and  forty-two, 
with  nine  applications  before  the  Society. 

The  year  1900  will  mark  an  era  in  the  history  of  the  Montana 
Society  of  Engineers,  in  that  the  headquarters  have  been  removed 
from  Helena  to  Ruttc.  This  step  was  first  considered  advisable 
because  there  are  a  large  number  of  engineers  whose  headquarters 
are  in  Eutte,  and  a. correspondingly  small  number  in  Helena.  It  is 
hoped  that  a  greater  interest  can  be  promoted  in  the  Society  by 
holding  the  monthly  meetings  at  a  point  where  a  majority  of  the 
members  of  the  Society  reside.  It  is  also  hoped  that  many  more 
engineers  can  be  induced  to  join  the  Society. 

At  this  time  we  must  not  overlook  the  splendid  record  of  the 
engineers  of  Helena  in  the  past  work  of  our  Society.  We  have 
now  a  membership  sufficient  to  warrant  success  and  continued 
prosperity,  but  in  the  days  when  the  Society  was  in  its  infancy  and 
Montana  was  almost  unknown  a  few  enthusiastic  and  energetic 
engineers  of  Helena,  by  their  interest  and  indefatigable  efiforts.  kept 
the  Montana  Society  of  Engineers  alive,  and  to  them,  more  than 
anything  else,  do  w'e  owe  our  present  prosperous  condition. 

The  one  serious  drawback  to  the  professional  benefit  the  Society 
should  be  to  each  member  is  the  lack  of  professional  ])apers  during 
the  year.  It  is  not  only  a  benefit  to  the  Society  at  large  to  hear 
the  experiences  of  others  in  engineering  subjects,  but  it  is  often  of 
greater  benefit  to  the  writer,  in  tliat  the  discussi(^n  provoked  by  his 
paper  will  often  introduce  new  ideas  of  value  to  himself  in  future 
work.  If  members  who  have  not  the  time  to  devote  to  the  prepara- 
tion of  a  paper  would  talk  from  their  notes,  not  with  the  idea  of 
publishing,  many  interesting  and  instructive  meetings  could  be  held 
during  the  year.  The  Society  should  have  at  least  one  paper  at 
every  monthly  meeting,  and  if  each  one  of  you  will  resolve  to  do 
something  for  the  benefit  of  our  Society  I  am  sure  there  is  no  better 
way  than  to  resolve  to  give  us  your  views  or  experience  on  some 
engineering  topic,  let  it  be  ever  so  brief. 

Through  the  efforts  of  our  committee  of  last  year,  ably  assisted 
by  the  Hon.  E.  H.  Wilson,  member  ^Montana  Society  of  Engineers, 
House  Bill  Xo.  29.  an  "Act  establishing  a  standard  of  measure- 
ment for  water."  was  passed  by  the  last  Legislature.     This  is  cer- 
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tainly  encouraging,  and  by  confining  our  efforts  to  matters  wholly 
within  our  province  as  engineers  we  may  hope  for  further  success 
in  reforming  present  laws. 

Contrary  to  expectations,  the  compiling  of  this  report  has  been 
a  pleasure ;  the  writer  fears  more  of  a  pleasure  to  himself  in  writing 
than  to  the  Society  in  listening  to  a  dry  summary,  without  sufficient 
detail  to  make  it  interesting  from  an  engineering  standpoint  and 
lacking  in  literary  merit.  And  yet  in  preparing  the  notes  he  has 
been  confronted  with  the  fact  that  our  State  has  advanced  to  such 
large  proportions,  with  so  many  diversified  interests,  that  it  would 
have  required  all  his  energy  to  do  justice  to  any  one  subject.  It  is 
possible  that  we  would  obtain  more  interesting  matter  were  the 
retiring  President  allowed  to  select  his  own  subject  and  treat  it  as 
he  saw  fit,  instead  of  confining  him  to  a  summary  of  engineering 
progress.  However,  the  writer  has  used  his  best  endeavors  to  obey 
the  Constitution  as  he  interprets  it,  and,  in  conclusion,  wishes  to 
congratulate  the  Society  upon  its  past  success  and  hopes  it  may  have 
continued  prosperity  in  the  future.  As  a  member  he  pledges  him- 
self to  do  all  in  his  power  at  all  times  to  promote  its  interests. 
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OBITUARY. 


Saiiiiiel  Nott. 


Bv     L.     P..     BiDWELL    AND    EdW  AKl)    SaWYER,     COMMITTEE    OF    THE    BoSTON 

Society  ok  Civil  Engineers. 


[Read  Fcliruary  21,  igco.] 

Samuel  Xott,  C.K.,  born  in  Bombay,  India,  April  28,  181 5, 
was  a  charter  member  of  this  Society,  its  Secretary  from  March  6, 
1849,  to  August  7,  1874,  and  an  lionorary  member  from  Alay  20, 
1891,  till  his  death,  at  Hartford,  Conn.,  October  i,  1899.  His 
last  meeting  with  the  Society  was  at  the  commemoration  of  its 
fiftieth  anniversary,  in  November,  1898. 

He  was  a  son  of  Roxana  (Peck)  and  Rev.  Samuel  Nott.  His 
paternal  grandfather  was  also  a  clergyman,  of  the  same  name,  who 
was  minister  to  the  Congregational  Church  in  Franklin,  Conn., 
for  seventy  years.  From  an  interesting  notice  of  him,  in  the 
Coiimriiciif  Quarterly,  we  learn  that  when  he  was  studying  for  the 
ministry  his  health  was  so  poor  that  it  seemed  doubtful  whctiier 
he  would  be  able  to  take  charge  of  a  church,  yet  he  developed 
into  a  man  of  strong  character,  large  ability  and  great  physical  en- 
durance, which  carried  him  through  some  very  trying  experiences, 
— walking,  driving,  etc.,  in  the  severest  storms, — in  fulfillment  of 
professional  engagements,  even  as  late  as  his  94th  year,  and  he 
lived  98  years. 

In  the  next  generation,  the  father  of  the  subject  of  this  sketch 
was  one  of  the  five  theological  students  (Hall,  Judson,  Newell, 
Nott  and  Rice)  whose  desire  to  go  out  as  missionaries  was  the 
occasion  of  the  organization  of  the  American  Society  for  Foreign 
Missions  in  1810.  Four  of  them  went  to  India,  with  their  wives, 
in  1812  (as  soon  as  the  finances  permitted).  Hall  and  Nott  settled 
in  Bombay.  The  latter  soon  became  ill  and  it  seemed  necessary  for 
hmi  to  return  home  in  1816.  He  sailed  with  his  wife  and  infant 
son.  on  the  ship  ''General  Stewart."  Putting  in  at  St.  Helena,  they 
heard  for  the  first  time  that  Na])iilc(in  liad  been  defeated  at  Water- 
loo, and  was  then  in  detention  on  that  island. 

Mr.  Nott  regained  his  health  and  established  a  private  school, 
which  lie  maintained  for  iiian\-  years.  After  a  time,  he  settled  at 
W'areham,  ]\Iass.,  and  preached  there  nearly  to  the  end  of  his  life 
of  92  years. 

The  late  Sanmel  Nott,  C.E.,  is  said  to  have  had  many  of  the 
characteristics    of   these    well-endowed    ancestors.     He    began    in 
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1833.  as  a  rodman  under  Col.  Fessenden  and  his  assistant,  Edward 
Schenk,  on  the  construction  of  the  railroad  from  Boston  to  West 
Newton.  During  his  service  there,  of  more  than  a  year,  he  made 
it  his  rule  when  not  in  the  field  to  keep  himself  in  sight  at  the 
head  office  and  be  as  generally  useful  as  possible,  often  being  sent 
on  long  walks  by  the  chief. 

Other  men  of  his  grade  jeered  at  him  for  this,  and  made  it 
their  rule  to  shirk  and  keep  out  of  sight  as  much  as  possible.  He 
rapidly  acquired  skill,  and  became  well  and  favorably  known  to  his 
chief. 

Soon  after  this  engagement,  he  went  with  Col.  Fessenden  to 
begin  the  engineering  work  for  the  Eastern  Railroad,  and  he  con- 
tinued on  this  road,  and  its  connections  through  to  Portland,  with 
little  if  any  interruption,  for  about  ten  years.  The  building  of 
the  first  part,  from  East  Boston  to  Salem,  was  put  under  three 
division  engineers,  and  Mr.  Nott  had  charge  of  the  middle  divi- 
sion, with  his  office  at  Lynn.  This  part,  from  East  Boston  to 
Salem,  was  opened  for  business  on  August  27,  1838. 

The  same  engineers  were  then  transferred  to  the  next  three 
divisions,  from  Salem  to  Newburyport.  Mr.  Nott  had  charge  of 
the  first  of  them,  including  the  Salem  tunnel,  which  was  built  in 
1839.  His  assistant  in  immediate  charge  of  the  tunnel  work  was 
Francis  Chase,  C.E.,  who  is  now  living  in  Salem,  in  reasonable 
enjoyment  of  well-earned  leisure.  We  are  indebted  to  him  for 
much  information  in  regard  to  this  line  through  to  Portland. 

For  building  the  next  extension, — to  Portsmouth,  including 
the  Eastern  Railroad  in  New  Hampshire, — the  same  engineers 
were  assigned.  In  the  same  way,  Mr.  Nott  had  the  first  division, 
including  the  Newburyport  bridge  across  Merrimac  River,  a  wide 
and  deep  tidal  stream  at  this  place.  Plans  and  schedules  of  ma- 
terials were  made  for  it  by  Col.  Fessenden,  but  were  changed 
somewhat,  as  a  result  of  Mr.  Nott's  later  investigations.  The  old 
highway  bridge  was  strengthened  by  additional  piles  and  caps, 
and  a  second  story  was  built  upon  it  to  carry  the  railroad  on  its 
upper  deck.  This  comparatively  cheap  structure,  begun  in  July, 
1841,  answered  its  purpose  till  about  1867.  Then  a  more  sub- 
stantial bridge  was  built,  a  short  distance  up  stream,  under  direc- 
tion of  T.  Willis  Pratt.  This  had  piers  of  cut  stone  (built  with 
the  use  of  a  diving  bell)  and  good  timber  trusses,  which  were  re- 
placed by  the  present  iron  ones  in  1886. 

Col.  Fessenden's  connection  with  the  line  ceased  with  the  com- 
pletion of  the  road  to  Portsmouth,  but  preparations  for  extension, 
including  the  Portland,  Saco  and  Portsmouth  Railroad,  were  be- 
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t;un  before  tliat.  Tlic  tliree  division  cni;iiK'crs  from  the  Eastern 
road  were  put  in  charge  as  chief  engineers,  each  on  a  division,  but 
each  under  instructions  to  consult  with  the  others  as  to  his  own 
work  and  theirs. 

Mr.  Xott  had  the  first  division,  from  Portsmouth  to  South 
Berwick.  Tn  Xovember,  1841,  he  reported  to  the  President  of  the 
Eastern  road  as  to  the  probable  cost  of  this  part  of  the  line.  This 
included  the  construction  of  a  bridge  across  the  Piscataqua  River, 
a  tidal  stream  with  a  main  channel  width  of  nearly  1700  feet  and  a 
maxinunn  water  depth  of  some  60  or  70  feet. 

He  made  careful  and  elaborate  studies  for  this  bridge,  includ- 
ing novel  schemes  for  doing  the  submarine  work  for  stone  piers. 
In  1842  he  reported  results  as  to  plans  and  costs.  Money  was  not 
abundant  in  those  days,  and  economy  of  first  cost,  down  about 
to  the  lower  limit  of  practicality,  was  imperative.  Accordingly,  a 
comparatively  ■  cheap  scheme  was  adopted.  The  old  pile  bridge 
for  the  highway  was  widened,  straightened  and  strengthened  to 
fit  it  for  carrying  the  track  also,  by  use  of  many  new  piles,  some  of 
them  spliced  to  lengths  of  nearly  100  feet.  The  piers,  so  built 
and  strengthened,  were  spaced  at  short,  irregular  intervals,  where 
the  piles  would  drive  best.  The  trusses  were  of  several  diiTerent 
lengths  and  styles,  but  all  short  and  light.  This  work  has  an- 
swered its  purpose,  down  to  the  present  time,  under  good  care  and 
with  much  introduction  of  new  timber  as  needed;  and  it  is  now 
carrying  the  heavy  trafific  which  has  grown  up  on  this  important 
main  line. 

Soon  after  the  completion  of  his  work  on  the  Portland,  Saco 
and  Portsmouth  Railroad,  about  1844,  Mr.  Nott  opened  an  office 
at  Xo.  34  State  street,  Pjoston,  for  general  engineering  practice. 
In  ]\Iay,  1845.  in  collal)oration  with  Waldo  Higginson,  he  made 
a  survey  for  a  railroad  from  the  northern  boundary  of  Massachu- 
setts, at  TownsiMid,  toward  Peterboro,  X.  II.  In  December,  1845, 
he  made  surveys  and  estimates  for  different  railroad  lines  between 
Lowell  and  Xorth  Andover;  and  the  building  of  the  Lowell  and 
Lawrence  Railroad  followed  soon  after. 

From  1846  to  1852  Capt.  Wm.  P.  Parrott  was  associated  with 
him,  perhaps  in  some  kind  of  co-partnership. 

In  1846  Mr.  Xott  was  engaged  in  work  preparatory  to  the 
relocation  of  the  main  line  of  the  Boston  and  Maine  Railroad, 
from  Andover  to  Xorth  Andover,  to  reach  the  new  city  of  Law- 
rence. 

In  1847  he  and  Capt.  Parrott  made  preliminary  surveys  and 
estimates  for  the  proposed  Manchester  and   Lawrence  Railroad. 
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The  capital  was  oversubscribed,  and  early  in  1848  Mr.  Nott  was 
made  Chief  Engineer,  by  contract  with  the  Board  of  Directors.  As 
the  work  progressed,  differences  of  opinion  arose  as  to  locations 
and  as  to  the  selection  of  assistant  engineers,  resulting  in  a  vote 
of  a  majority  of  the  directors  to  displace  Mr.  Nott.  On  appeal 
to  the  stockholders,  the  minority  directors  and  Mr.  Nott  w'ere  sus- 
tained by  a  large  majority,  and  he  continued  as  Chief  Engineer 
till  1850,  some  time  after  the  road  was  opened  for  business. 

In  1848  he  made  a  report  to  S.  S.  Lewis,  President  of  the 
Grand  Junction  Railroad  and  Depot  Company,  of  a  survey  from 
Maiden  street,  in  Chelsea,  to  the  B.  and  W.  R.  R.  at  the  "Ship 
Yard"  in  Brookline;  and  the  building  of  the  Junction  Railroad  fol- 
lowed a  few  years  later. 

In  1849-50  the  Portsmouth  and  Concord  Railroad  had  been 
located,  and  a  large  part  of  the  masonry  and  grading  had  been 
completed;  then  the  work  stopped  for  want  of  money.  Soon  after 
that  Mr.  Nott  took  hold  and  carried  the  road  through  to  comple- 
tion and  operation,  but  it  was  inadequately  financed  and  he  was  left 
under  a  heavy  load  of  personal  liability. 

Instead  of  seeking  to  evade  his  obligations,  either  legal  or 
moral,  under  a  discharge  in  insolvency,  he  manfully  devoted  his 
energies,  for  many  years  thereafter,  to  the  making  of  full  payment. 
He  reduced  expenses,  removed  his  office  to  No.  6  Niles  Building, 
and  worked  for  this  end  with  much  industry  and  self-denial. 

It  will  be  seen  from  the  above  that  he  had  much  to  do  with 
many  parts  of  the  lines  now  controlled  by  the  Boston  and  Maine 
Railroad  Company;  also  that  he  was  in  demand. as  a  man  well 
qualified  for  railroad  location  and  construction.. 

In  October,  1852,  with  Robert  Harris  (who  was  afterwards  a 
noted  railroad  manager)  as  a  transitman,  he  began  surveys  for  the 
extension  of  the  Hartford,  Providence  and  Fishkill  Railroad,  from 
Hoadley's,  near  Waterbury,  to  Eishkill-on-the-Hudson.  Thor- 
ough explorations  were  made,  and  the  line  selected  by  him  was 
followed  with  but  slight  changes  when  other  good  engineers  took 
up  the  construction. 

In  the  early  history  of  the  South  Boston  Flats,  which  have 
now  become  so  valuable,  Mr.  Nott  and  Samuel  Felton  were  ap- 
pointed by  State  authority  to  fix  the  grade  for  the  filling.  They 
decided  upon  elevation  16  feet  above  mean  low  tide,  which  has 
proved  satisfactory  and  is  still  adhered  to. 

On  April  i,  1857,  Mr.  Nott  was  appointed  Superintendent  of 
the  Hartford,  Providence  and  Fishkill  Railroad,  and  he  continued 
in  this  position  till  his  resignation  (consequent  upon  a  change  of 
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control)  in  October.  1S7S.  In  conso(|uencc'  of  this  appointment, 
he  removed  to  Hartford,  and  made  his  home  there  for  the  rest  of 
his  Hfe. 

The  superintendency  of  a  railroad  then  was  a  more  important 
office  than  is  designated  by  the  same  name  now,  the  only  operating 
officers  not  entirely  under  his  direction  being  the  Secretary  and 
Treasurer,  and  e\'en  their  work  was  largely  done  as  he  suggested. 
He  took  the  road  under  the  most  adverse  circumstances,  with  no 
credit  and  in  a  time  of  great  financial  depression.  The  greatest  care 
was  taken  and  the  most  rigid  economy  exercised,  and  when  Mr. 
Xott  left  the  road  it  was  in  fair  physical  condition  and  the  earn- 
ings were  consideral)!}-  in  excess  of  maintenance  and  interest 
charges. 

From  Xovember,  1880,  to  ]\Iay,  1882,  he  was  Superintendent 
of  the  Hartford  Water  \\'orks. 

Thus  his  activity  in  strictly  engineering  work  mainly  ceased 
when  he  was  42  years  of  age;  and  he  did  but  little  in  railroad  work 
of  any  kind  after  his  64th  year.  But  he  did  not  lose  his  interest 
in  railroad  construction,  maintenance  and  operation,  nor  in  gen- 
eral engineering  and  progress.  He'  was  the  author  of  interesting 
articles  which  appeared  in  the  Locomotive,  published  at  Hartford, 
under  the  editorship  of  J.  ]M.  Allen,  who  had  the  highest  regard 
for  Mr.  Xott.  and  understood  and  appreciated  his  abilities. 

We  find  in  the  archives  of  this  Society  two  reports  or  investi- 
gations participated  in  by  Mr.  Nott. 

First.  "On  the  Destruction  of  the  Dam  at  Hadley  Falls" 
(now  Holyoke).  This  was  presented  to  the  Society  January  10,. 
1849.  He  describes  the  construction  of  the  dam  and  the  appear- 
ance of  the  parts  not  carried  away.  Another  paper,  presented  by 
Capt.  Parrott,  apparently  at  the  same  meeting,  undertakes  to  dis- 
cuss the  cause  of  the  failure. 

Second.  A  report  of  experiments  for  testing  the  merits  of 
"Baker's  Improved  [l)oilerj  h'urnace."  In  this,  he  acted  with 
other  members  of  the  Society.  This  report  was  read  July  i,  1850. 
and  ordered  to  be  printed  for  distribution  among  the  members. 

Mr.  X^ott  never  married,  but  he  was  always  a  helpful  son  and 
l)rother.  He  was  a  good  friend  to  the  poor  and  needy,  and  few 
knew  how  nuich  he  was  constantly  doing  to  help  and  encourage 
them;  the  whole  conniiunity  was  the  better  for  his  living  in  it. 

He  was  a  close  observer  of  all  missionarv  work  and  wrote 
"The  Opened  Door,"  a  missionary  story  wh.ich  has  been  enjoyed 
by  many  readers.  He  was  active  as  Secretary  of  the  \\'idow's 
Home,  in  Hartford,  and  was  identified  with  the  work  of  St.  Paul's, 
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wlTich  was  for  many  years  a  missionary  church.  Later,  he  was  a 
communicant  of  St.  Thomas'  Churcli,  in  Hartford. 

He  had  the  nicest  sense  of  honesty  and  honor,  both  in  private 
hfe  and  professionally.  In  line,  he  honored  his  Christian  profes- 
sion by  an  exceptionally  exemplary  and  helpful  life.  One  of  the 
writers  of  this  notice  (first  named  above)  worked  under  his  direc- 
tion for  many  years  and  had  excellent  opportunities  to  know  of 
this  and  of  his  worth  and  attainments.  He  knew  Mr.  Nott  and  his 
reputation  among  men  for  more  than  forty  years,  and  never  heard 
a  disparaging  remark  concerning  him.  All  who  worked  under  him 
knew  that  they  had  only  to  do  their  best,  for  the  interests  of  the 
property  he  represented,  to  be  fully  appreciated  by  him.  The  sec- 
ond-named waiter  concurs  in  this  estimate,  so  far  as  a  less  intimate 
acquaintance  may  justify. 

We  think  his  uniform  intention  and  general  practice  was  to  do 
exactly  what  was  right,  and  that  he  had  much  influence  in  starting 
the  new  profession  of  engineermg  on  correct  lines. 


William  Scolhiy  Wliitwell. 


By  Francis  Blake  and  Ernest  W.  Bowditch,  Committee  of  the 
Boston  Society  of  Civil  Engineers. 


William  Scollay  Whitwell,  an  hon- 
orary member  and  one  of  the  founders  of  the 
Boston  Society  of  Civil  Engineers,  was  born 
at  Augusta,  Maine,  May  23,  1809.  After  re- 
ceiving a  preliminary  education  in  the  public 
schools  of  Boston,  he  evinced  a  strong  inclina- 
tion to  become  a  civil  engineer,  and  fitted  him- 
self therefor  by  a  course  at  the  Lawrence 
Scientific  School,  followed  by  extended  practi- 
cal experience  in  several  of  the  leading  ma- 
chine shops  of  New  England,  particularly  at  Dover,  N.  H. 

Mr.  Whitwell's  professional  life  began  with  the  railway  age, 
and  it  is  noteworthy  that  it  continued  until  the  total  length  of  rail- 
ways throughout  the  world  exceeded  450,000  miles.  His  first 
engineering  work  was  done  on  the  Concord  Railroad.  Afterward 
he  had  charge  of  a  division  of  the  survey  for  the  Western  and  Atlan- 
tic Railroad  in  Georgia  from  Atlanta  then  only  a  railroad  village, 
to  Chattanooga,  Tennessee.  He  also  surveyed  the  railroad  line  from 
Tallahassee  to  the  east  coast  of  Florida  during  the  Seminole  War, 
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and  it  was  after  he  had  finished  the  section  in  his  charge  that  the 
Scniinoles  massacred  several  engineers  at  work  on  the  line. 

June  6,  1846,  Mr.  W'hitwell  was  elected  chief  engineer  of  the 
Eastern  division  of  the  Cochitiiate  Water  Works  for  the  city  of 
Boston.  This,  the  most  important  service  of  his  professional  life, 
which  included  the  design  and  construction  of  the  then  famous 
reservoir  on  Beacon  Hill,  was  brought  to  a  successful  conclusion 
on  October  25,  1848,  in  the  presence  of  a  multitude  of  citizens 
gathered  about  the  "frog  pond"  on  Boston  Common.  After  appro- 
priate ceremonies,  the  Mayor  inquired  if  it  was  their  pleasure  that 
water  should  then  be  introduced.  There  was  a  tremendous  affirma- 
tive shout,  and  thereupon  the  gate  was  opened  and  a  column  of 
water  6  inches  in  diameter  rose  to  a  height  of  80  feet. 

Air.  Whitwell  was  one  of  the  twelve  men  who  attended,  on 
.April  26,  1848,  an  informal  meeting  which  led  to  the  foundation  of 
the  Boston  Society  of  Civil  Engineers  on  June  15,  1848.  Fifty 
years  later,  it  was  a  cause  of  keen  regret  to  him  that  his  great  age 
and  failing  health  prevented  him  from  attending  the  semi-centennial 
commemoration  of  the  foundation  of  this  honorable  Society.  On 
that  occasion  Mr.  Whitwell  and  Messrs.  John  H.  Blake  and  Samuel 
Xott  were  the  only  surviving  founders ;  and  it  is  a  fact  of  mournful 
interest  that  these  three  men  have  since  died  during  the  same  calen- 
dar year. 

With  tlie  anti-slavery  agitation  Mr.  ^^'hitwell  joined  the  ranks 
of  the  abolitionists,  but  he  was  a  follower  rather  than  a  leader. 
Though  taking  no  active  part  in  the  Civil  War,  all  liis  sympathies- 
were  with  the  North  and  the  Republican  party.  For  many  years 
he  was  managing  treasurer  of  the  Boston  and  Roxbury  Mill  Cor- 
poration, a  very  successful  land  company.  The  later  years  of  his 
life  were  passed  in  travel  at  home  and  abroad,  with  residences  of 
many  months  in  various  parts  of  Europe  and  America,  including 
the  resorts  of  his  early  manhood  in  Georgia  and  Florida  and  long 
visits  to  the  Pacific  coast.  Although  increasing  age  prolonged  his 
periods  of  restful  life  in  Boston  and  its  neighboring  towns,  his  taste 
for  travel  continued  until  the  end.  Only  a  month  before  his  death 
Mr.  W^hitwell  visited  Quebec,  and  returned  with  improved  health 
to  the  home  of  his  younger  daughter,  at  Hancock,  in  the  New 
Hamjishire  hills.  There,  on  October  31,  1899,  he  passed  away 
c|uietly  with  tlie  falling  leaves  during  the  last  hour  of  the  most 
beautiful  of  autumn  months. 

On  September  30,  1844,  Air.  Whitwell  married  Alary  Greene, 
daughter  of  Henry  and  Alary  Hubbard,  of  Boston.  Three  children 
survive  him.  William  Scollav  Whitwell.  AI.D.,  of  .San  Alateo,  Cal. ; 
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Miss  Mary  Hubbard  Whitwell,  of  Boston,  and  Elizabeth,  wife  of 
William  Tudor,  Esq.,  of  Boston. 


Sumner  Holling-sworth. 


By  John  R.  Freeman  and  Charles  T.  Main,  Committee  of  the  Boston 
Society  of  Civil  Engineers. 


Sumner  Hollingsworth  was  born  on 
March  i,  1854,  in  South  Braintree,  Mass, 
He  was  suddenly  taken  from  our  midst  on 
June  26,  1899. 

His  father,  Ellis  Anderson  Hollingswort, 
was  the  son  of  Mark  and  Waitsill  Hollins- 
worth,  who  came  to  Milton,  Mass.,  from 
Pennsylvania,  where  they  had  been  living  on 
lands  deeded  by  William  Penn.  On  the 
maternal  side,  also,  he  decended  from  a  dis- 
tinguished family,  his  mother,  Susan  J.  Sumner,  being  a  cousin  of 
Charles  Sumner. 

His  early  life  was  spent  in  South  Braintree,  where  he  attended 
the  public  schools.  From  there  he  came  to  the  Chauncey  Hall 
School,  and  in  1872  entered  the  Massachusetts  Institute  of  Tech- 
nology. It  was  here  that  the  writers  became  intimate  with  him, 
and  this  intimacy  grew  into  a  strong  and  life-long  friendship.  It 
was  here  that  his  strong  intellect  forecast  its  future  in  the  ease  with 
which  difficult  problems  were  mastered,  and  the  essence  of  the  sub- 
ject at  hand  was  extracted  with  no  apparent  effort.  His  wonderful 
ability  of  getting  at  the  real  substance  and  of  its  proper  application, 
and  the  strong  memory  by  which  it  was  retained,  were  known  only 
to  his  few  most  intimate  classmates.  This  ability  he  held  in  a  very 
marked  degree  throughout  his  business  career.  The  years  of 
student  life  were  passed  quietly  and  apparently  with  great  ease,  as 
far  as  regular  studies  were  concerned,  and  time  was  found  for 
broader  reading  and  study  on  non-professional  subjects.  His  rank 
was  always  high. 

[  Graduating  from  the  institute  in  the  department  of  mechanical 
engineering  in  1876,  he  entered  the  employ  of  Hollingsworth  & 
Whitney  in  the  business  of  paper  manufacturing,  with  which  he 
was  very  familiar  before  graduation,  his  thesis  being  on  that  sub- 
ject. In  1881-82  the  Hollingsworth  &  Whitney  Company  was 
organized,  and  Sumner  Hollingsworth  became  president  of  the 
company  after  his  father's  death  in  1882. 
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It  was  in  this  position,  at  the  head  of  a  great  company,  tliat  his 
engineering  abiHty  had  ample  scope.  The  many  problems  which 
are  to  be  solved  in  the  construction  and  running  of  large  paper 
mills  were  studied  and  solved.  He  was  familiar  with  the  con- 
struction of  buildings,  the  arrangement  and  production  of  machin- 
ery, the  economical  production  of  power  by  steam  and  water  and 
the  transmission  of  power  in  various  forms.  He  was  also  familiar 
with  questions  of  labor  and  of  markets  for  the  purchase  of  raw 
materials  and  the  sale  of  finished  product.  He  often  made  investi- 
gations into  subjects  connected  with  the  manufacture  of  paper  on 
which  there  was  little  or  unreliable  information  obtainable. 

An  illustration  of  the  care  and  thoroughness  of  his  investiga- 
tions is  the  fact  that,  in  order  to  carry  on  some  of  his  experiments 
on  evaporation  and  upon  the  transfer  of  heat  and  to  feel  absolutely 
sure  of  the  results,  he  ordered  from  Paris,  through  Professor  Hol- 
man,  standard  thermometers  of  the  finest  grade,  which  were  stand- 
ardized at  the  International  Bureau  of  Weights  and  Measures. 
These  thermometers  were  the  first  of  that  character  to  be  obtained 
by  the  Institute  of  Technology  and  by  Harvard  College,  so  that 
Hollingsworth  must  have  been  one  of  the  first,  if  not  the  first  engi- 
neer in  this  country,  to  personally  take  advantage  of  the  admirable 
opportunities  afforded  by  the  bureau. 

Of  a  very  retiring  nature,  none  but  his  most  intimate  friends 
knew  of  these  investigations  and  their  interesting  and  valuable 
results.  Had  he  been  more  outspoken  in  public  his  great  ability 
would  have  received  immediate  attention.  He  was  able  to  grasp  in 
a  masterful  way  all  of  the  various  problems  which  w^ent  to  make 
up  the  whole  and  assimilate  and  weld  them  into  one,  each  having 
its  true  proportion  and  each  part  performing  its  function  in  a  man- 
ner to  obtain  what  is  known  as  the  highest  commercial  efficiency. 

Hollingsworth  became  a  member  of  the  Boston  Society  of  Civil 
Engineers  in  April,  1894.  He  was  also  a  member  of  the  American 
Society  of  Mechanical  Engineers  and  of  the  Society  of  Arts ;  also 
of  the  Technology  and  Union  Clubs,  and  of  the  Club  of  Odd 
Volumes.  He  was  a  charter  member  of  thelatter  club,  and  he  was 
very  much  interested  in  the  early  colonial  history  literature  of  our 
country.  He  collected  the  finest  and  most  valuable  private  library 
of  that  description,  with  one  exception,  in  New  England. 

In  1887  he  was  married  to  Miss  Mary  Clapp  Stevens,  of 
Gardiner,  Me.  His  home  life  was  his  real  life,  and  "it  was  here  that 
all  that  was  sweetest  and  best  in  his  nature  shone  the  brightest." 
The  winter  months  were  spent  in  Boston,  at  their  home  on  Fairfield 
street,  and  the  summer  months  were  spent  with  great  delight  in  the 
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old  Sunmoi"  mansion  ni  Milton,  which  for  more  ihan  two  ccninrios 
and  a  halt  was  the  home  of  the  Stunner  family. 

It  has  been  a  great  pleasure  to  have  known  Hollingsworth,  and 
we  regret  that  it  has  not  been  the  good  fortune  of  every  member  of 
the  Soeietv  to  have  known  liim  also. 


Hmitx    llorlxMt  Hirst. 


Bv  II.  I.  Ranpali.  axp  Fraxk  Soule,  Mkmpkks  of  the  Committee,  Tech- 
xiCAL  Society  of  the  Pacific  Coast. 


After  a  lingering  illness  of  several 
months'  duration,  and  poor  health  extending 
over  several  years'  time.  Harry  Herbert 
Hirst  passed  from  this  life  on  December  2^, 
1899. 

Although  the  seriousness  of  his  last  ill- 
ness was  realized  by  his  friends,  still,  when 
the  end  caiue.  his  death  east  a  cloud  of  sad- 
ness over  the  community  in  which  he  lived. 
He  was  born  May  1,  187^^  aiid  tlierefore 
at  the  time  of  his  death  was  in  his  twenty-seventh  year. 

After  preparation  in  the  San  Francisco  Boys'  High  School, 
he  entered  the  University  of  California  in  August,  1892,  and  four 
years  later  was  graduated  with  the  degree  of  B.S.  from  the  College 
of  Civil  Engineering,  being  awarded  at  the  same  time  the  university 
medal  annually  bestowed  upon  "the  most  distinguished  graduate  of 
the  year." 

As  a  university  student  he  excelled  not  only  in  his  studies,  but 
also  in  the  active  interest  he  took  in  student  affairs.  In  his  senior 
year  he  was  president  of  his  class,  president  of  the  Associated 
Students  and  editor  of  one  of  the  college  papers ;  and  during  his 
entire  undergraduate  life  he  was  an  active  and  influential  member 
of  the  Sigma  Xu  fraternity. 

His  professional  career,  although  not  extended,  gave  promise 
of  being  a  very  able,  useful  and  honorable  one.  Before  entering 
the  university  he  had  been  assistant  engineer  to  the  Grant  Bros.,  of 
the  Moraga  Land  Association,  in  connection  with  various  enter- 
prises. At  the  University  of  California  his  marked  ability  was 
early  recognized,  and  even  before  graduation,  in  his  senior  year,  he 
was  appointed  assistant  in  surveying  and  field  practice.  In  May, 
i8q8,  he  was  promoted  to  be  instructor  in  civil  engineering  at  the 
university.     This  position  he  held  at  the  time  of  his  death,  although 
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absent  on  one  year's  leave  of  absence  on  account  of  illness.  In 
September.  1899,  he  was  commissioned  by  the  Bureau  of  Irrigation 
of  the  United  States  Department  of  Agriculture  to  investigate  the 
water  supply  and  irrigation  question  in  Southern  California.  On 
account  of  ill  health  he  was  unable  to  earn.'  out  this  last  work. 

He  was  a  member  of  the  Technical  Society  of  the  Pacific  Coast 
from  February  5,  1897,  until  the  time  of  his  death. 

Mr.  Hirst  was  gifted  with  a  winning  personality',  an  excep- 
tionally manly  character  and  a  genial  disposition,  which  won  for 
him  many  friends;  while  his  strong,  original  mind,  and  diligent, 
systematic  work  caused  him  to  be  held  in  high  estimation  by  those 
who  knew  him  professionally. 

In  his  death  the  Technical  Society-  lost  one  of  its  youngest,  yet 
one  of  its  most  promising  members. 


Editors  reprinting  articles  from  this  journal  are  requested  to  credit  both 
the  Journal  and  the  Society  before  which  such  articles  were  read. 
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THE  HECONSTRUCTIOX  OF  THE  BIG  HOT.E  DAM. 


Bv  Jos.  H.  H.\RPER,  Member  Montaxa  Society  of  Engineers. 


[Read  before  the  Society  January  12,  1900.*] 

The  dam  of  the  Montana  Power  Company  at  Divide  has  at- 
tracted an  unusual  amount  of  attention  owing  to  the  fact  that  the 
original  structure  failed  in  part  on  first  taking  its  burden,  and  on 
this  account,  too,  the  work  has  attained  a  degree  of  interest  for  our 
profession  which  it  would  not  have  possessed  had  it  been  entirely 
successful  in  the  first  instance. 

I  shall  not  attempt  a  description  of  the  original  structure,  as  a 
majority  of  my  hearers  have  examined  it  in  person,  but  shall  refer 
those  who  have  not  been  able  to  do  so,  and  who  are  interested  in 
tracing  the  history  of  the  work,  to  an  article  published  in  the 
Engineering  Record  of  March  5,  1898,  for  a  comprehensive  state- 
ment of  the  original  plans  and  purposes  of  the  Montana  Power 
Company,  with  a  description  of  the  proposed  power  and  transmis- 
sion plant ;  and  to  a  paper  on  the  "Partial  Failure  of  a  Timber  Crib 
Dam"  prepared  for  the  twelfth  annual  meeting  of  this  Society  by 
our    fellow-member,    ]Mr.    M.    S.    Parker,    and    published    in    the 
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April,  1899,  for  further  interesting  notes  and  tests  upon  Montana 
timbe",  which  are  of  value  to  the  profession  in  general  and  quite 
as  interesting  to  those  using  our  timber  in  other  lines  of  work  as  to 
those  who  may  wish  to  use  it  in  the  construction  of  dams  and 
reservoirs. 

All  my  co-workers,  and  I  think  every  member  of  our  profes- 
sion with  whom  I  have  discussed  plans  for  repairing  this  dam, 

■'Manuscript   received   ^Farch   6,    1900. — Secretary.   Ass'n   of   Eng.    Socs. 
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have  agreed  fairly  upon  the  general  methods  that  should  he 
adopted ;  the  only  important  feature  upon  which  a  difference  of 
opinion  seemed  to  exist  related  to  the  proportion  of  the  distorted 
structure  it  would  he  necessary  to  remove  before  beginning  the 
new  work. 

Our  views  upon  this  point  are  set  forth  in  a  report  to  the 
Montana  Power  Company,  made  by  Harper  &  Macdonald  in  the 
summer  of  1898,  in  which  we  claimed  for  the  distorted  structure 
much  reserve  strength,  for  the  reason  that  the  aprons,  which  con- 
sisted of  a  double  deck  of  10  x  12  timbers,  thoroughly  drifted  to- 
gether, though  displaced  and  badly  tilted  at  some  points,  were  in 
the  main  lying  horizontal  and  occupying  such  a  position  as  to  act 
as  girders  or  web  members  in  sustaining  the  water  pressure ;  and 
for  the  further  reason  that  the  material  and  filling  had  practically 
"settled."  The  dam  as  a  whole  had  completed  its  journey  and 
found  its  place  of  rest,  and,  though  an  apparent  wreck  in  many 
respects,  it  had  taken  its  burden  and  was  at  that  time  carrying  it 
successfully  with  the  water  level  in  the  reservoir  but  five  feet  below 
the  working  head. 

If  we  differed  in  any  way  from  our  brother  engineers  it  was  in 
our  advice  to  leave  as  large  a  portion  of  the  old  structure  un- 
disturbed as  was  possible,  to  secure  a  thorough  bond  between  the 
old  work  and  the  new  and  to  introduce  every  possible  device  to 
"catch  up"  and  retain  the  old  structure  in  the  position  it  then 
occupied. 

Our  plan  for  accomplishing  this  is  illustrated  in  Fig.  2  (which 
is  a  cross-section  through  the  line  of  maximum  movement,  with  the 
dividing  section,  buttress  members  and  old  sluiceways  projected  in 
dotted  lines),  and  consisted  in  forming  a  series  of  buttress  mem- 
bers or  struts,  not  less  than  3  feet  square  at  the  base  and  continuing 
a  width  of  3  feet  to  the  top,  from  the  toe  to  the  top  of  the  old 
structure,  with  the  successive  leaves  or  courses  of  timber  upon  the 
imder  side  abutting  against  and  bracing  the  lower  and  longitudinal 
courses  of  the  successive  aprons  of  the  old  work,  as  shown. 

Another  feature,  which  was  introduced  later,  and  which  I 
shall  briefly  note  in  this  connection,  is  shown  in  Fig.  4,  and  con- 
sisted in  working  two  horizontal  courses  in  the  top  of  the  dam  and 
placing  2^-inch  x  28-foot  iron  rods  therein  in  the  maiuier  shown, 
dividing  the  course  into  five  truss  members,  32  feet  (4  cribs) 
between  the  panel  points,  and  situated  at  an  elevation  of  6  and  10 
feet  below  the  crest,  as  indicated  on  the  cross-section  shown  in 
Fig.  2. 
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When  the  position  of  these  panel  points  is  noted  with  reference 
to  the  huttress  meinl)ers  above  referred  to  our  object  in  introducing 
the  truss  rods  will  be  apparent,  but  this  plan  would  not  have  been 
considered  nor  the  system  introduced  had  it  not  been  that  the  rods 
were  already  upon  the  ground,  and  were  practically  scrap  iron  on 
the  hands  of  the  company,  as  that  portion  of  the  fore  bay  for  which 
they  were  originally  ordered  had  been  abandoned  and  a  steel  pipe 
used  instead. 

The  distortion  of  the  crest  line  of  the  old  structure,  as  you 
will  recall,  was  about  14  feet  at  the  point  of  maximum  movement, 
and  on  considering  the  dimensions  for  reconstruction  it  at  first 
sight  appeared  necessary  to  move  the  new  crest  line  down  the 
stream  for  this  distance  and  to  add  14  feet  to  the  entire  lower  face 
of  the  dam  before  we  could  get  even  the  proportions  that  existed  in 
the  old  structure.  That  is  to  say,  if  the  crest  line  were  moved  to 
avoid  an  "overhang"  of  the  new  work  on  the  upper  face  and  14 
feet  added  to  the  entire  lower  face  of  the  structure,  a  cross-section 
through  the  point  of  maximum  movement  would  show  the  same 
angle  from  crest  to  toe  that  existed  in  the  old  structure,  and  this 
was  regarded  as  entirely  too  steep  for  the  maximum  discharge  of 
the  Big  Hole  River. 

This  method  seemed  to  require  a  very  large  amount  of  work 
and  to  accomplish  apparently  very  little,  while  to  build  with  the 
upper  cribs  of  the  new  work  overhanging  on  the  upper  face  was 
doubtless  very  awkward  construction ;  but  was  of  necessity  adopted 
and  satisfactorily  accomplished  by  furring  with  3-inch  plank  upon 
the  depressed  portion  of  the  old  face  to  a  new  face  line  which  was 
established  5  feet  further  down  stream,  our  ability  to  get  nearer  the 
original  face  being  barred  by  the  location  of  the  lower  gates  in  the 
old  structure  through  which  the  flow  of  the  river  was  being  taken. 

This  furring  was  built  up  solid  of  3  x  12-inch  planking,  as 
shown,  thoroughly  spiked  with  12-inch  boat  spikes  on  every  course, 
thus  forming  a  member  that  served  the  double  purpose  of  dis- 
tributing the  weight  of  the  overhanging  cribs  evenly  over  the  upper 
face  of  the  old  work  and  adding  greatly  to  the  strength  of  the  dam 
in  that  portion  that  had  been  demonstrated  as  weakest. 

I  am  not  disposed  to  criticise  the  plans  offered  for  the  old 
structure,  as  I  do  not  feel  that  my  experience  has  been  general 
enough  to  warrant  it,  but  I  must  call  your  attention  to  some  of  the 
objectionable  features  developed  by  a  practical  test,  the  first  being 
the  part  played  by  the  vertical  sheeting  in  distorting  the  aprons. 

Here  we  have  a  crib  structure,  the  members  of  which  we 
anticipate  will  be  compressed  l)y  the  weight  of  filling,  and  will  be 
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sure  to  shrink  on  seasoning,  sheeted  along  the  Hnes  that  are  to 
bear  the  Hghtest  burden  by  planking  on  end  in  a  manner  that  would 
prevent  its  settling  upon  these  lines  in  the  slightest  degree.  The 
plan  would  certainly  be  improved  by  using  the  sheeting  with  the 
grain  running  longitudinally,  in  which  position  it  would  shrink  and 
settle  with  the  other  timbers,  all  of  which  are  used  with  the  grain, 
running  horizontally.  At  any  rate,  if  so  placed  it  would  not  carry 
up  the  outer  ends  of  the  aprons  and  prevent  the  normal  settlement 
which  will  take  place  in  all  parts  of  the  work. 

In  rebuilding  we  abandoned  entirely  the  idea  of  sheeting,  and 
used  the  style  of  construction  shown  in  Fig.  2 ;  and  though  some- 
what more  timber  is  required,  the  additional  amount  is  fairly  offset 
by  a  saving  in  labor  and  spikes.  Fig.  3  shows  the  face  of  the  dam 
when  finished  in  this  manner,  with  the  ends  of  the  lateral  courses 
projecting  and  showing  through  the  longitudinals,  a  feature  which 
I  think  gives  the  structure  an  air  of  stability  that  it  would  not  other- 
wise possess,  as  it  suggests  the  character  of  bond  used  throughout, 
which  is  all  concealed  if  the  face  be  sheeted  over  and  the  crib  work 
entirely  covered. 

Another  slight  change  in  arranging  timber  was  made  in  this. 
In  the  original  plan  both  of  the  deck  courses  were  worked  on  the 
flat,  that  is,  the  lo-inch  way,  while  the  timbers  in  the  body  of  the 
dam,  belonging  to  these  same  courses,  were  worked  the  12-inch 
way,  thus  forming  an  unbroken  joint  across  the  dam  on  all  lines 
where  the  decks  joined  the  main  cribs.  In  the  new  work  the  two 
deck  courses  were  extended  the  lo-inch  way  over  the  entire  surface 
of  the  dam. 

This  change  permits  the  upper  timbers  of  our  deck  course  to 
extend  over  the  first  internal  tier  of  cribs  and  into  the  body  of  the 
dam,  thus  breaking  the  continuous  joint  along  the  lines  that  had 
shown  the  greatest  weakness  in  the  original  work  and  introducing 
a  feature  that  we  are  certain  will  assist  greatly  in  bearmg  up  the 
outer  walls  of  the  exterior  line  of  cribs  rising  from  this  point. 

The  original  plan  shows  all  timber  for  the  crib  work  as  squared 
oft"  and  butted  end  on  end,  while  for  the  reconstruction  the  timbers 
were  ordered  2  feet  longer  and  were  allowed  to  lap  at  the  ends,  as 
shown  in  Fig.  4.  This  method  of  building  requires  about  10  per 
cent,  more  timber,  but  the  additional  quantity  is  placed  where  it 
will  give  the  best  service  in  preventing  settlement  and  leaves  timber 
enough  at  the  ends  of  the  stick  and  beyond  the  drift  bolts  to  "hold," 
in  this  way  obtaining  from  the  drift  bolts  much  more  effective  work 
than  is  possible  when  they  are  driven  within  3  inches  of  the  end  of 
the  stick,  while  the  labor  saved  by  using  the  sticks  as  they  come- 
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from  the  mill,  without  squaring  off,  will  go  far  toward  paying  for 
the  extra  timber  required. 

The  change  above  mentioned  I  can  heartily  recommend  for 
general  use  in  the  lower  courses,  and  at  all  points  where  the  burden 
is  heavy  and  we  have  anything  to  fear  from  the  compression  of 
timber.  Indeed,  I  think  it  will  be  found  the  cheapest  method  of 
doubling  up  and  securing  against  failure  from  this  cause. 

Before  the  work  was  started,  Mr.  Parker  and  the  writer  dis- 
cussed with  apparent  accord  the  great  utility  of  lateral  blocking 
when  used  as  suggested  in  the  paper  above  referred  to,  and  it  seems 
particularly  unfortunate  that  a  principle  of  such  obvious  merit  was 
not  more  generally  introduced  in  the  original  structure.  Its  value 
in  crib  construction  is  not  likely  to  be  overestimated  by  our  pro- 
fession, but  you  should  note  that  to  secure  the  maximum  advantage 
the  blocking  should  be  done  in  the  lower  courses  of  the  dam,  and 
particularly  through  that  portion  where  the  greatest  pressure  is 
exerted ;  for  its  efficiency  is  rapidly  impaired  as  w-e  approach  the 
t(^e  of  the  structure  where  the  binding  forces  are  light,  and  its  utility 
diminishes  rapidly  as  we  approach  the  crest  line.  Though  adopted 
and  generously  used  in  the  work  of  rebuilding,  we  regarded  it  in 
this  instance  a  matter  of  secondary  importance,  as  it  was  impossible 
to  get  the  blocks  where  they  were  most  needed  and  could  render 
full  service,  which  was  in  the  inside  and  lower  courses  of  the  dam. 

I  cannot,  however,  agree  with  Mr.  Parker  when  he  suggests 
the  use  of  diagonal  bracing  for  a  crib  dam,  as  the  settlement,  some 
of  which  the  structure  must  always  endure,  will  tend  to  load  these 
members  to  rupture  before  the  drift  bolts  and  blocking  can  begin 
to  take  their  load ;  that  is,  the  diagonals  and  the  blocking  will  not 
assume  the  burden  in  fair  proportion,  and  any  settlement  will  but 
serve  to  emphasize  this  lack  of  harmony. 

I  do  not  mean  to  say  that  we  would  not  find  locations  where 
diagonals  could  be  used  to  advantage,  but,  if  so,  I  think  the  entire 
structure  should  receive  different  treatment  and  the  diagonals  made 
strong  enough  to  carry  the  entire  water  burden.  The  stability 
should  be  secured  by  anchorage  instead  of  filling,  and,  in  short, 
such  a  location  would  probably  call  for  a  steel  and  not  a  timber 
structure.  To  me  diagonal  bracing  seems  out  of  place  in  a  timber 
crib  structure,  and  though  this  estimate  of  its  value  may  seem  in- 
consistent with  the  use  of  the  buttress  members  described  above, 
you  will  notice  that  these  members  are  an  expedient  resorted  to  for 
the  purpose  of  "catching  up"  and  utilizing  the  reserve  strength  of 
the  old  structure,  and  may  be  more  properly  regarded  as  a  part  of 
the  old  work  rather  than  of  the  new. 
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Some  provision  for  draining  the  water  from  above  the  dam 
is  certainly  demanded,  and  it  was  doubtless  this  consideration  that 
led  to  the  placing  of  gates  and  sluiceways  through  the  old  dam,  as 
indicated  by  dotted  lines  on  the  cross-sections,  a  feature  that,  in  our 
estimation,  contributed  in  no  small  degree  to  the  wreck  that  fol- 
lowed. 

In  the  new  plan  these  openings  were  all  closed  and  the  end 
accomplished  by  running  a  tunnel  through  solid  rock  around  the 
north  end  of  the  dam,  with  an  area  at  the  waste  of  35  square  feet, 
capable  of  carrying  the  entire  flow  of  the  river  and  drawing  the 
water  in  the  reservoir  below  the  level  of  the  fore  bay  during  the 
low-water  period  of  each  year. 

The  gate  well  for  controlling  this  opening  is  not  an  ideal 
structure  for  the  purpose,  as  it  is  built  wholly  of  timber;  but  funds 
were  not  available  for  what  we  would  have  advised,  and  the  short- 
ness of  the  season,  with  the  necessity  for  completing  the  work  before 
closing  the  river  gates,  precluded  all  attempts  at  anything  that  could 
not  be  accomplished  with  the  material  and  force  already  upon  the 
ground. 

The  foregoing  completes  a  hasty  review  of  the  lield,  in  which 
I  have  endeavored  to  show  the  weak  points  developed  in  the  old 
structure,  the  means  proposed  for  strengthening  it,  features  in 
which  the  rebuilding  differed  from  the  original  work  and  some  of 
the  more  important  considerations  that  influenced  our  designs  and 
controlled  the  work. 

I  will  now  compare  briefly  the  dimensions  and  proportions  of 
this  dam  as  at  first  conceived,  as  originally  built,  as  amended  and 
as  finally  reconstructed. 

I  am  frequently  asked  to  assign  a  reason  for  the  failure  of  the 
old  structure,  and,  though  I  have  had  far  better  and  more  numer- 
ous opportunities  for  observation,  and  have  studied  the  question 
with  great  care  and  attention,  I  confess  myself  unable  to  assign  a 
first  cause  or  to  trace  a  predominating  weakness,  though  I  have 
noted  several  features  that  doubtless  contributed  to  the  general 
result.  I  can  perhaps  express  myself  upon  the  weak  points  by 
stating  what  I  think  might  have  saved  it,  for  it  is  my  belief  that 
the  dam  came  very  near  standing  for  the  first  year,  at  any  rate. 

I  think  if  the  system  of  lateral  blocking  first  suggested  by  Mr. 
Parker  had  l)een  used  at  intervals  of  16  feet  and  drifted  with  three 
bolts  through  and  three  into  the  block  the  structure  would  have 
found  rest  with  moderate  movement  only,  and  would  have  carried 
the  water  pressure  successfully.  Had  the  blocking  been  omitted 
and  the  cribs  filled  with  clean  rock  I  think  the  dam  would  still  have 
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carried  the  pressure,  tliough  the  nuivement  would  have  been  some- 
what greater  than  in  the  case  first  mentioned. 

Again,  it  is  my  l)ehet  that  had  either  or  both  of  the  items  speci- 
fied been  used,  aiul  liad  tlie  dam  carried  water  successfully  for  the 
first  season,  it  could  not  have  borne  the  discharge  of  the  Big  Hole 
River  in  a  season  of  maximum  flow,  and  would  have  failed  at  some 
subsequent  period  with  consequences  far  more  disastrous  than  those 
accompanying  the  movement  of  1898. 

We  have  made  many  measurements  of  the  Big  Hole  River, 
and  since  the  fall  of  1896  have  had  a  channel  course  300  feet  in 
length,  with  permanent  gauges  on  the  bank  about  one  mile  below 
the  site  of  the  present  dam,  over  which  we  have  usually  caught  the 
maximum  and  miniminu  and  several  intermediate  readings  for  each 
season.  \\'e  did  not  catch  the  maximum  for  the  year  1898,  but 
when  the  water  of  1899  touched  the  highest  marks  made  by  that  of 
the  previous  year  our  gauge  indicated  a  flow  of  5785  cubic  feet  per 
second. 

Our  maximimi  gauging  at  this  point  for  the  season  of  1S99 
indicated  a  flow  of  18,818  cubic  feet  per  second,  and  a  discharge 
for  more  than  twenty-four  hours  which  was  three  times  as  great  as 
the  maximum  flow  of  the  previous  year.  It  is  this  excessive 
volume  of  the  river's  discharge,  which  apparently  occurs  at  intervals 
of  about  ten  years,  a  feature  manifest  in  all  our  mountain  streams, 
but  particularly  pronounced  upon  the  Big  Hole  River,  that  leads 
to  the  opinion  above  expressed,  that  a  dam  built  upon  the  original 
plan  must  have  failed  sooner  or  later. 

The  original  plan  for  this  dam  arranged  the  steps  for  a  run  of 
10  feet  in  a  rise  of  10.  with  the  upper  step  7  feet  6  inches  in  height 
and  the  lower  apron  15  feet  in  length  ;  but  these  proportions  were 
changed  before  construction  to  give  the  aprons  a  run  of  1 1  feet  8 
inches  in  a  rise  of  10  feet,  with  the  upper  step  8  feet  in  height  and 
the  lower  apron  20  feet  in  length. 

A  plan  for  reconstruction  arranged  the  steps  with  a  run  of  19 
feet  6  inches  in  a  rise  of  12  feet  (which  is  equivalent  to  a  run  of  15 
feet  10  inches  in  a  rise  of  10  feet),  with  the  crest  arranged  to  direct 
the  falling  water  upon  the  exterior  points  of  the  aprons  below,  while 
the  lower  deck  is  given  a  length  of  20  feet.  The  lines  upon  which 
the  dam  has  been  reconstructed  arranged  the  aprons  with  a  run  of 
22  feet  in  a  rise  of  12  feet  (equivalent  to  a  run  of  18  feet  3  inches 
in  a  rise  of  10  feet),  with  the  upper  step  of  13  feet  broken  into  a 
fall  of  4  feet,  followed  by  one  of  9  feet,  with  the  lower  apron  20 
feet  in  length,  as  before. 
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The  base  and  altitude,  when  scaled  from  a  point  level  with  the 
crest,  flush  with  the  upper  face  of  the  dam  to  the  outer  point  of  the 
lower  apron,  for  the  four  plans  named  are  as  follows :  First,  base 
length  84  feet,  altitude  57.5  feet;  second,  base  length  98.75  feet, 
altitude  58  feet ;  third  base  length  120  feet,  altitude  58  feet ;  fourth, 
base  length  130  feet,  altitude  50  feet.  Or  the  ratio  of  base  when 
expressed  in  units  of  altitude  is  as  follows :  For  the  first  plan,  1.46 ; 
second  plan,  1.7;  third  plan,  2.1 ;  fourth  plan,  2.6. 

These  proportions  can  be  more  readily  understood  by  referring 
to  Fig.  5,  wherein  an  outline  of  the  different  plans  above  named 
and  an  outline  of  the  distorted  structure  are  each  represented  with  a 
different  and  characteristic  line. 

When  you  have  compared  the  dam  as  first  proposed  with  the 
one  now  upon  the  ground,  and  when  I  tell  you  that  the  river  for 
nearly  twenty-four  hours  made  but  two  distinct  leaps  in  its  descent, 
and  at  the  second  landed  half-way  over  the  point  of  the  lower  deck, 
you  will  understand  why  we  feel  that  that  a  dam  upon  the  original 
lines  would  have  given  trouble  sooner  or  later. 

The  original  plan,  as  prepared  by  Mr.  Fanning,  provided  for  a 
large  pier  of  concrete  through  what  we  know  as  the  dividing  sec- 
tion, near  the  center  of  the  dam,  but  his  plans  were  greatly  modified 
in  this  respect  before  construction,  by  whom  or  at  what  time  is  not 
pertinent  to  my  present  purpose. 

Had  this  body  of  concrete  been  placed  as  designed  it  would 
doubtless  have  saved  that  portion  of  the  dam  which  lies  south  of 
this  point,  but  I  cannot  think  it  reasonable  to  claim  that  it  would 
have  saved  the  dam  proper ;  and  I  should  expect  a  movement  in  the 
northern  portion  very  similar  to  the  one  that  did  take  place,  as  you 
will  note  the  point  of  maximum  movement  is  considerably  north  of 
the  dividing  section  and  well  toward  the  center  of  the  dam. 

The  people  are  very  sensitive,  justly  so,  and  are  prone  to 
criticise  the  "style"  of  construction  used,  and  suggest  many  things 
to  replace  the  timber  crib;  but,  barring  a  masonry  dam,  which,  for 
economic  reasons,  could  not  be  considered,  I  approve  of  the  design 
in  a  general  way,  believe  it  the  best  possible  selection  and  perfectly 
adapted  for  the  site  upon  which  it  was  placed. 

A  change  often  suggested  is  to  extend  the  bottom  upstream 
from  the  crest  line,  and  use  the  sheeting  in  an  inclined  position,  the 
idea  being  apparently  to  get  the  weight  of  a  portion  of  the  water 
upon  the  dam  with  a  view  of  holding  it  in  place.  Another  sugges- 
tion, and  the  engineers  are  given  to  making  this,  is  to  use  the  ogee 
instead  of  aprons  on  the  overflow,  but  the  advantages  of  this  form 
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are  generally  overestimated,  and  in  this  particular  instance  I  would 
greatly  prefer  the  steps  as  used. 

A  reasonable  limit  for  this  paper  will  not  permit  further  digres- 
sion, and,  as  a  fair  discussion  of  the  sheeting  and  the  form  of  over- 
flow would  each  furnish  material  for  another  paper,  I  must  pass 
them  with  the  following  brief  remarks  on  these  subjects: 

I  approve  of  vertical  sheeting  (on  the  core  or  water  face),  and 
must  question  all  efforts  to  obtain  stability  for  a  dam  by  weighting 
down  with  water;  while  if  the  height  be  more  than  30  feet  I  cannot 
approve  of  carrying  the  burden  upon  an  inclined  core  or  sheeting 
course,  as  this  arrangement  will  eventually  give  you  trouble  in 
more  ways  than  one.  An  ogee  will,  without  doubt,  let  the  water 
over  the  dam  in  an  ideal  manner,  but  timber  construction  does  not 
lend  itself  readily  to  this  form  of  overflow;  and  l)y  its  use  we  can- 
not avoid  the  striking  force  of  the  stream  which  will  be  the  product 
of  pounds  of  water  into  feet  of  fall,  into  units  of  time,  and  a  neglect 
on  our  part  to  work  this  problem  and  provide  for  the  resultant  at 
the  toe  of  the  dam  will  not  be  overlooked  by  the  river  when  fairly 
started  upon  its  season's  work. 

Our  estimated  maximum  discharge  was  usually  regarded  by 
engineers  who  saw  the  river  at  its  normal  stage  only  as  too  high, 
but  in  ^lay,  1897,  I  obtained  a  measurement  of  5330  cubic  feet  per 
second ;  and  by  comparison  with  older  and  higher  marks  estimated 
that  the  river  would  often  discharge  a  volume  of  7500  cubic  feet, 
and  in  exceptional  seasons  the  maximum  discharge  would  reach 
10,000  cubic  feet  per  second. 

Our  preliminary  calculations  for  a  dam  at  this  point  anticipated 
a  crest  width  of  300  feet,  the  probable  maximum  depth  upon  the 
crest  as  5  feet,  but  the  dam  was  constructed  with  the  crest  width 
reduced  to  200  feet,  thus  increasing  the  probable  depth  over  the 
dam  to  about  7  feet,  if  our  assumption  as  to  maximum  discharge 
should  prove  correct. 

The  actual  discharge  of  the  river  on  June  20,  1899,  was  very 
nearly  twice  the  maximum  anticipated  in  our  preliminary  estimates 
and  report  of  1897. 

You  have  probably  noticed,  and  with  surprise  perhaps,  the 
permanent  posts  rising  through  the  crest  of  the  dam,  as  shown  in 
Figs.  I,  2  and  3,  and  we  wish  to  say  in  advance  that  we  are  not 
champions  of  this  style  of  construction,  and  we  are  well  aware  that 
on  general  principles  the  profession  must  condemn  their  appearance 
upon  a  spillway.  The  old  crest  line  was  established  at  a  datum 
elevation  of  58,  the  working  water  level  required  to  obtain  a  clear 
head  of  60  feet  above  low-tail  water.     (  )ur  study  of  the  company's 


248  ASSOCIATION   OF  ENGINEERING   SOCIETIES. 

flowage  rights  at  what  we  call  the  Flat  fixes  our  high  water  limit  at 
a  datum  elevation  of  62,  which,  with  our  crest  established  at  58  feet, 
gives  but  4  feet  between  the  crest  and  our  high  water  limit,  a  depth 
entirely  inadequate  for  the  river's  discharge,  as  we  were  apprehend- 
ing about  7  feet  over  a  spillway  200  feet  in  width. 

The  crest  was  therefore  reconstructed  at  a  datum  elevation  of 
54,  and  very  shortly  afterwards  the  w'isdom  of  this  action  was 
abundantly  demonstrated,  for  on  June  20  our  maximum  reading 
w'as  62.66,  giving  a  theoretical  depth  on  the  crest  of  8.66  feet,  or 
when  corrected  for  the  settlement  (since  determined)  the  water 
actually  reached  a  depth  of  9.50  feet  near  the  south  end  of  the 
spillway. 

I  regarded  it  as  almost  certain  death  for  a  man  to  go  over  the 
dam  with  even  4  feet  of  water  upon  the  crest,  and  yet  the  limiting 
conditions  above  mentioned  compel  us  to  begin  to  replace  the  tlush 
boards  at  this  point  if  we  are  to  maintain  a  working  head  of  60  feet. 
We  have  not  been  able  to  discover  or  devise  a  moving  support  of 
any  kind  that  we  felt  would  work  satisfactorily,  and  the  permanent 
posts  as  you  see  them  is  our  solution  of  the  problem  presented. 

Our  plan  contemplates  the  protection  of  the  dam  from  drift- 
wood and  running  ice  by  a  sulistantial  boom  across  the  river  about 
1000  feet  above  the  site,  and  by  two  sheer  booms  that  will  guide 
this  material,  when  it  is  allowed  to  run.  to  the  open  space  provided 
for  its  passage  near  the  center  of  the  dam. 

A  receiver  for  this  property  was  appointed  October  20,  1898, 
and  arrangements  were  immediately  made  for  the  execution  of  the 
work  with  Messrs.  Winters,  Parsons  &  Boomer  (the  former  con- 
tractors) at  the  following  prices: 

For  nibble  masonry,  cement  fnrnished  by  company.  $6.50  cubic  yard. 
For  cement  concrete,  cement  furnished  by  company,  $5.00  cubic  yard. 
For  rock  filling,  $0.50  cubic  yard. 
For  timber  in  place,  labor  only,  $6.00  per  1000. 

Approximately,  1,350,000  feet  of  lumber  was  used,  and  about 
12.000  cubic  yards  of  rock  filling  placed  in  the  repair  of  the  dam 
proper;  while  about  1500  yards  of  earth  and  rock  has  been  filled  in 
front  of  the  dam  and  nearly  1000  yards  used  to  strengthen  that 
portion  of  the  dam  south  of  the  fore  bay. 

Harper  &  Macdonald  were  engaged  to  superintend  the  recon- 
struction October  25,  and  the  actual  work  of  repair  was  commenced 
on  October  26,  with  the  writer  as  engineer  in  charge. 

The  first  timber  on  the  Silver  Bow  half  of  the  structure  was 
laid  November  21,  1898;  the  lower  gates  were  closed  March  6,  and 
the  crest  of  the  restored  structure  finished  on  April  16,  1899. 
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The  dominant  note  of  the  work  lias  been  to  spare  no  reason- 
able expense  that  woiikl  add  to  the  stal)iht\  and  strength  of  the 
structure,  and  in  maintaining  this  tone  it  is  a  pleasure  for  the 
writer  to  state  that  he  has  been  most  cheerfully  seconded  by  Mr. 
F.  T.  Sterling,  tlie  receiver,  and  very  generously  supported  by  the 
gentlemen  who  have  furnished  funds  for  the  purpose. 

It  is  quite  impractical  to  prevent  movement  and  settlement  in 
structures  of  this  character,  and  I  regard  the  refinements  so  often 
specified  in  an  etfort  to  do  so  as  money  spent  for  a  trifling  purpose, 
believing  it  to  be  better  policy  and  more  effective  practice  to  in- 
crease the  dimensions  and  the  (iuantities  f)f  material  used. 

On  this  work  but  little  time  was  devoted  to  the  sizing  of  timber, 
barely  sufficient  to  get  a  bearmg  and  maintain  a  general  grade  on 
the  cribs :  but  honest  work  was  required  everywhere.  Timber  was 
generously  used,  and  the  whole  securely  blocked  and  thoroughly 
drifted.  Xo  time  was  spent  in  leveling  rock  in  the  new  fill,  but 
extra  care  was  taken  in  stowing  all  voids  under  the  old  aprons  with 
selected  material ;  and  no  opportunity  of  tying  to  the  old  structure 
was  neglected,  and  these  bonds' were  made  as  secure  as  possible. 

Every  eflFort  was  made  to  obtain  clean  rock,  and  to  prevent  such 
fine  material  as  we  were  obliged  to  handle  in  filling  the  cribs  from 
banking  in  a  manner  that  would  prevent  actual  contact  of  rock  with 
rock.  It  is  hardly  practical  to  exercise  greater  care,  and  it  is 
rarely  possible  to  obtam  better  material  than  was  used  in  this  work. 
FJut  it  will  not  matter  how  excellent  the  material  or  how  carefully 
placed,  we  must  anticipate  some  further  movement  when  the  water 
first  goes  through,  and  still  another  when  it  licgins  to  carry  the 
burden  of  the  river. 

The  movement  in  this  structure  was  divided  into  three  well- 
defined  stages,  and  I  have  already  referred  to  the  first  as  amount- 
ing to  0.2  in  a  height  of  12  feet  which  occurred  while  the  filling 
was  being  done.  I  noted  a  further  settlement  on  its  first  taking 
water,  while  I  found  the  maxinunn  settlement  upon  the  crest  line 
near  the  south  end  of  the  spillway  to  be  0.6  feet  after  the  high 
water  had  passed.  The  successive  deflections  on  the  top  of  the 
dam  at  a  point  14  feet  above  the  crest,  and  the  final  moveiuent  at  the 
crest  line  and  the  successive  stages  of  settlement,  so  far  as  deter- 
mined, are  shown  in  the  outline  plan  and  elevation,  Fig.  6. 

One  feature  which  I  noted  and  regarded  as  interesting  was 
that  the  deflection  was  accelerated  as  the  water  began  going  over  the 
crest,  due.  without  doubt,  to  an  acceleration  in  the  settlement  which 
occurred  at  this  time,  and  which  I  attribute  to  the  thorough  soaking 
of  the  material  in  the  cribs. 
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Were  I  doing  this  work  again  I  would  advise  the  wetting  of 
this  material  while  filling,  and  if  necessary  would  place  a  pump  for 
this  purpose,  as  I  think  the  deflection  might  have  been  reduced  some 
25  or  30  per  cent,  if  the  first  and  second  periods  of  settlement, 
amounting  in  this  case  to  about  0.4  feet,  could  be  accomplished 
before  the  dam  began  taking  its  water  burden. 

This  further  confirms  my  belief  that  clean  rock  is  the  only 
material  available  in  ordinary  practice  that  should  be  used  in  filling 
cribs.  It  may  be  comparatively  fine,  say  of  the  size  of  eggs  and 
nuts,  if  absolutely  clean  and  so  placed  that  every  individual  unit 
shall  come  in  contact  with  the  surrounding  units  without  being 
cushioned  off  by  sand,  clay  or  other  material ;  and  though  I  should 
anticipate  a  greater  movement  from  a  fill  of  this  kind  than  if  the 
rock  were  as  large  as  pumpkins  and  melons,  it  would  not  prove  in 
any  way  disastrous. 

Mr.  Fanning  and  Mr.  Parker,  who  have  preceded  me  in  this 
work,  are  both  men  whose  integrity  is  beyond  question,  and  whose 
experience  in  this  class  of  work  has  been  broader  than  my  own,  but 
I  am  compelled  to  dift'er  from  them  in  the  conclusions  reached  and 
in  the  lessons  we  may  learn  from  our  experience  with  it,  and  will 
preface  my  closing  remarks  with  the  assurance  that  nothing  I  may 
say  is  offered  in  a  captious  spirit,  or  with  intent  to  criticise,  but 
that  every  utterance  is  born  of  a  desire  to  be  professionally  honest 
with  the  facts,  candid  with  the  results  and  friendly  in  my  conclu- 
sions. 

It  is  not  altogether  fair  to  hold  the  designer  responsible  for  the 
failure  of  a  structure  when  the  plans  have  been  so  greatly  changed 
before  executing  the  work  as  to  omit  the  concrete  dividing  section 
hereinbefore  noted. 

I  have  indorsed  this  plan  in  a  general  way,  but  I  cannot  leave 
the  subject  without  saying  that,  in  my  estimation,  Mr.  Fanning's 
dimensions  are  too  small,  his  quantities  meager  and  his  dam  too 
light ;  in  other  words,  the  factor  of  safety  is  insufficient.  Granting, 
for  the  sake  of  argument,  that  a  dam  can  be  built  upon  the  original 
lines  in  a  manner  and  of  material  that  would  have  withstood  the 
quiescent  water  pressure  of  the  reservoir,  the  angle  from  crest  to 
toe  is  quite  too  steep  and  the  design  poorly  calculated  for  carrying 
the  river's  maximum  discharge ;  in  short,  I  do  not  think  such  a  dam 
could  have  borne  the  "hammer"  of  the  river. 

Of  the  character  of  the  filling  I  have  no  personal  knowledge, 
and  am  well  aware  that  my  conclusions  will  be  questioned  by  many 
whose  opportunities  for  knowing  just  what  was  placed  in  the  dam 
were  much  better  than  mv  own.  and  I  shall  confine  mv  reasoning 
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to  the  recorded  facts  as  manifested  by  the  appearance  of  the  dis- 
torted structure,  and  from  wliich  I  think  we  must  conclude  that 
those  who  assert  that  the  filhng  was  all  that  could  be  desired  have 
been  greatly  deceived  or  much  mistaken. 

Mr.  Parker  states  that  "fully  90  per  cent,  of  the  filling  was 
broken  stone."  I  can  understand  how  10  per  cent,  of  fine  material 
can  be  used  in  the  voids  w^ith  perfect  indifference,  and  I  can  as 
readily  understand  how  even  5  per  cent,  of  such  material,  if  allowed 
to  bank  at  any  point,  might  prove  very  detrimental. 

The  maximum  settlement  has  been  given  as  4  feet  at  the  crest, 
and  it  was  rather  more  than  this  at  the  lowest  point  in  the  upper 
sluiceways  through  the  dam ;  and,  though  much  less  at  many  points, 
was  3  feet  or  more  on  all  the  higher  portions  of  the  work.  This  is 
certainly  more  than  our  general  practice  would  anticipate  in  a  clean 
rock  fill  of  60  feet,  and  to  me  the  conclusion  is  unavoidable  that  too 
much  material  was  used  that  could  be  and  was  displaced  by  the 
water. 

The  loading  of  timber  is  a  subject  that  should  be  considered  at 
all  times,  and  its  undue  compression  carefully  guarded  against,  but 
I  cannot  regard  this  feature  as  an  important  element  in  calculating 
the  stability  of  a  rock-filled  timber  crib. 

I  am  not  sure  that  I  follow  the  writer  in  the  computations  he 
has  placed  before  us  upon  this  point,  but  I  can  see  no  reason  for 
assuming  that  the  loading  is  concentrated  upon  the  timbers  at  the 
corners  of  the  cribs ;  or  that  the  timber  can  in  any  way  be  called 
upon  to  carry  the  entire  weight,  or,  indeed,  any  great  portion  of 
the  weight  of  the  dam. 

Is  it  not  as  reasonable  to  presume  that  the  filling  will  in  a 
measure  "carry  up"  the  timber  members  of  the  structure?  And,  in 
fact,  is  it  not  most  reasonable  to  assume  that  every  superficial  foot 
of  the  base  of  the  structure  carries,  approximately,  its  proportionate 
share  of  the  loading,  and  that  the  timbers  which  are  surrounded 
and  encased  in  the  material  used  for  filling  w\\\  be  compressed  and 
settle  with  it ;  and  that  the  timber  elements  of  the  structure  will  not 
be  overloaded  or  compressed  to  a  detrimental  degree  unless  there 
is  an  unnecessary  and  detrimental  degree  of  settlement  in  the 
material  of  which  the  fill  is  made?  In  other  words,  as  I  read  the 
record  of  events,  the  partial  failure  was  not  so  much  due  to  the 
compression  of  timber,  but  rather  that  the  excessive  compression  of 
timber  has  been  occasioned  by  a  partial  failure  of  the  filling. 

If  there  are  crib  structures  higher  than  the  one  under  discus- 
sion I  am  not  informed  of  their  location,  and  I  do  not  think  that 
anything  so  high  has  ever  been  attempted  upon  so  large  a  stream 
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as  the  Big  Hole  River.  I  quite  agree  with  ^Ir.  Parker  when  he 
says  that  the  Hniits  have  not  yet  been  reached  in  crib  construction, 
and  on  small  streams  with  favorable  bottoms  and  banks  I  can  see 
no  reason  why  crib  dams  75  and  even  100  feet  in  height  may  not  be 
successfully  constructed,  though  the  economic  conditions  and 
environments  that  would  render  such  a  structure  advisable  are  ex- 
ceedingly rare ;  and  I  do  not  remember  to  have  met  with  them  in 
my  practice.  Indeed,  I  think  the  present  structure  has  consider- 
ably exceeded  the  economical  limit  for  that  locality. 

On  the  other  hand,  where  the  stream  is  as  large  as  the  Big 
Hole  River,  I  think  we  are  very  close  to  the  practical  limit  at  60 
feet,  for  the  timber  aprons  are  pretty  severely  punished  for  three 
months  in  every  year  under  this  head. 

DISCUSSION. 

Mr.  Keerl. — If  not  inconsistent,  I  would  like  to  ask  Air.  Har- 
per if  he  can  give  the  horse  power  that  can  be  delivered  in  Butte, 
and  whether  he  feels  prepared  to  give  us  a  stat  ment  of  the  cost  of 
this  work,  both  as  to  the  dam  and  the  power  house,  electrical 
machinery,  the  amount  of  horse  power  developed  at  the  dam  and 
the  net  amount  that  can  be  delivered  in  the  city  ? 

Mr.  Harper. — That  is  a  field  in  which  we  have  not  been  em- 
ployed. Mr.  Max  Hebgen,  of  Butte,  and  a  member  of  this  Society, 
is  superintendent  of  the  plant  and  the  transmission  line  to  Butte. 
The  horse  power  anticipated  is  1200  theoretical  at  each  water  wheel, 
or  1000  net  from  each  dynamo.  The  four  water  wheels  are  in  place, 
but  onlv  two  of  them  have  been  connected  and  are  at  work.  The 
cost  of  a  horse  power  delivered  is  a  complex  question,  and  one 
which  I  do  not  think  the  owners  have  yet  answered  to  their  satis- 
faction. 

The  Ch.mrman. — If  you  were  designing  a  crib  dam,  irrespec- 
tive of  the  old  structure,  would  you  make  a  vertical  face  next  to  the 
water  ? 

Mr.  Harper. — Yes,  sir. 

Mr.  Carroll. — I  do  not  fully  agree  with  Mr.  Harper  in  regard 
to  the  vertical  face.  From  my  experience,  and  from  observation  of 
this  failure,  I  believe  the  incline  face  to  be  the  best  and  most 
economical  construction.  It  seems  to  me  that  the  water  face  should 
be  placed  upon  an  incline  approaching  the  angle  of  repose  of  the 
material  used  in  filling  the  cribs. 

I  quite  agree 'with  him  in  the  statement  that  only  a  small 
amount  of  light  material  should  be  used  in  the  crib  filling.  I  came 
to  this  conclusion  from  my  experience  of  three  years  ago,  during 
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the  building-  of  a  crib  dam  al)OUt  40  feet  in  height  for  the  Butte 
City  Water  Company,  on  Basin  Creek.  At  this  point  we  had 
plenty  of  rock  and  decomposed  granite  close  to  the  structure,  and 
made  the  filling  75  per  cent,  broken  rock  and  25  per  cent,  of  de- 
composed granite,  which  was  thoroughly  flooded  with  water.  The 
filling  made  in  this  manner  was  very  compact  and  apparently  very 
satisfactory.  Init  when  the  water  was  turned  into  the  reservoir  the 
leakage  through  the  face  washed  considerable  of  the  decomposed 
granite  out  of  the  fill :  and  I  came  to  the  conclusion  that  it  would 
have  been  much  better  to  have  made  the  filling  of  the  cribs  entirely 
of  broken  rock,  using  only  a  very  small  amount  of  fine  material  to 
fill  the  crevices  and  solidify  the  filling  to  support  the  face  when  the 
water  was  first  turned  in.  It  seems  to  me  that  it  is  better  to  have 
too  little  fine  material,  or  none  at  all,  than  to  have  too  much. 

^Ir.  Harper. — Mr.  Chairman,  I  think  we  agree  fairly  well 
upon  the  manner  of  filling,  but  apparently  differ  in  our  methods  of 
arranging  the  face.  My  experience  has  led  me  to  1:)elieve  that  the 
proper  position  for  the  sheeting  courses,  which  in  this  stvle  of 
construction  performs  the  service  of  a  core  wall,  is  a  vertical  one. 
Let  this  member  be  perpendicular,  so  that  the  filling  as  it  settles  mav 
press  more  firmly  upon  the  back,  where  it  is  most  needed  and  where 
it  can  accomplish  most  in  resisting  the  water  pressure.  In  all  high 
structures  the  inside  filling  should  be,  in  part  at  least.  c(nniter- 
balanced  by  filling  upon  the  water  side  of  the  facing. 

;Mr.  Harrisox. — What  is  the  probable  life  of  such  a  structure? 
Does  the  water  percolate  through  and  keep  the  dam  saturated? 

Mr.  Harper. — I  cannot  fully  answer  that.  I  have  a  pretty 
clear  idea  of  the  inside  of  one  of  these  dams,  and  I  believe  they  are 
always  damj).  \\'hen  tlie  water  is  held  above  the  crest  the  dam 
will  be  pretty  thoroughly  wetted,  and  the  timbers  will  not  rot  very 
fast ;  but  the  aprons  will  in  time  decay  and  be  worn  away,  though 
they  may  last  for  ten,  fifteen  or  perhaps  twenty  years.  When  they 
do  fail,  however,  it  does  not  mean  that  the  entire  structure  must  be 
rebuilt,  for  it  can  be  reinforced  by  resheeting  the  aprons  and,  where 
the  outside  timbers  are  badly  decayed,  by  cutting  through  the 
aprons  and  driving  piles,  to  which  we  would  anchor  the  new  work. 

Mr.  Hollinsiiead. — Mr.  Harper  appears  to  approve  of  verti- 
cal sheeting,  and  yet  I  understood  him  to  criticise  this  feature  of 
the  early  plans. 

^Ir.  Harper. — My  use  of  the  word  "sheeting''  to  designate  two 
very  dissimilar  members  of  the  dam  is  somewhat  confusing.  My 
first  reference  was  to  the  sheeting  as  used  on  the  down-stream  face 
of  the  old  dam.  and  my  objection  was  based  upon  its  action  in  tilting 
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the  aprons  in  the  manner  shown  on  my  cross-section  at  the  point 
marked  A,  B  and  C.  Further  on  in  my  paper  I  use  the  same  term 
to  designate  the  covering  on  the  water  face,  probably  the  most  im- 
portant element  of  the  dam ;  the  element  that  stands  for  the  core 
wall ;  in  fact,  the  member  that  forms  the  dam.  This,  I  believe, 
should  always  occupy  a  vertical  position,  and  the  timber  of  which 
it  is  composed  be  placed  with  the  grain  running  perpendicularly. 

Mr.  C.  D.  Vail. — During  the  maximum  flow,  did  the  water 
take  one  or  two  steps  in  clearing  the  dam  ? 

Mr.  Harper. — Up  to  a  flow  of  about  5000  feet  the  action  of 
the  water  in  going  over  the  dam  was  ideal,  and  it  was  very  nicely 
broken  upon  every  apron  until  about  10,000  feet  had  been  reached, 
when  it  began  to  shoot  out  from  the  central  aprons  and  strike  upon 
the  points  of  those  below ;  and  as  the  water  reached  a  higher  stage 
this  tendency  became  more  pronounced,  until  at  the  point  of  maxi- 
mum discharge  the  visible  surface  of  the  river  was  leaping  from  the 
crest,  striking  near  the  point  of  the  third  apron  and  leaping  again  to 
strike  just  beyond  the  point  of  the  first  or  lower  apron,  thus  practi- 
cally clearing  the  dam  in  two  leaps.  This  was  the  apparent  or 
visible  action,  though  we  know,  of  course,  that  beneath  the  surface 
the  water  was  being  more  or  less  effectually  broken  upon  every  step. 

Mr.  Harrison. — What  did  you  state  concerning  the  vibration 
of  the  dam  ? 

Mr.  Harper. — In  response  to  two  or  three  queries  that  have 
been  made  concerning  the  vibration  and  the  burden  on  the  dam,  I 
would  say  that  the  maximum  vibration  seemed  to  me  to  have  passed 
before  the  highest  water  came.  Should  the  water  continue  to  rise 
over  the  dam  all  steps  in  the  overflow  would  finally  disappear,  and 
the  surface  of  the  river  over  the  dam  would  become  one  great  roll 
or  riffle.  The  burden  beyond  the  toe  of  the  dam  would  doubtless 
be  much  heavier,  but  I  do  not  think  the  burden  upon  the  aprons 
would  have  been  greatly  increased  by  higher  water. 

Mr.  Harrison. — I  would  like  to  ask  you,  Mr.  Harper,  if  the 
ogee  is  not  the  best  form  of  overflow? 

Mr.  Harper. — I  approve  of  the  ogee.  It  is  my  favorite  form 
whenever  practicable,  but,  as  before  stated,  timber  construction  does 
not  lend  itself  readily  to  forming  the  ogee.  By  largely  increasing 
the  number  of  steps  and  making  those  near  the  top  of  the  dam  short 
and  high,  while  those  at  the  toe  are  low  and  long,  this  form  may  be 
approximated,  as  illustrated  by  the  detail  in  Fig.  2. 

Mr.  Carroll. — From  your  statement,  that  makes  an  ogee  of  it. 

Mr.  Harper. — That  is  true.  The  plan  would  require  an  addi- 
tional amount  of  timber  as  the  apron  courses  are  increased  in  num- 
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ELEVATION. 

The  figures  upon  the  elevation  show  the  horizontal  move-  /, 
ments  of  the  dam  during  the  summer  of  1899.    Those  upon^p 
the  left-hand  sides  of  the  posts  show  the  movements  as  raeas-  J__ 
ured  on  the  top  of  the  posts  14  feet  above  the  crest,  from  date 
to  date,  as  given,  while  the  figures  on  the  right  indicate  the       = 
total  movement  to  date. 

The  figures  on  the  lowest  line  indicate  the  total  movement 
at  the  crest  line  as  measured  September  13,  1899. 
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PLAN. 

The  figures  on  the  plan  indicate  the  settlement  of  the 
aprons  at  the  points  indicated,  in  decimals  of  a  foot,  thus: 

1.  Those  nearest  the  upper  left-hand  quadrant  of  the  circle, 
the  settlement  while  the  cribs  were  being  filled; 

2.  Those  nearest  the  upper  right-hand  quadrant,  the  set- 
tlement between  the  completion  of  the  filling  and  the  sub- 
sidence of  the  water,  and 

3.  Those  nearest  the  lower  half  of  the  circle,  the  sum  of  the 
other  two,  or  the  total  settlement  to  September  13,  1899. 

The  absence  of  a  figure 
dicates  that  the  informatic 
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bcr  and  area,  but  I  regard  it  as  practical  and  good  construction. 
It  will  not  matter  what  form  is  used  upon  the  overllovv,  we  must  in 
some  wa}'  prepare  to  receive  the  full  impact  of  our  maximum  flow ; 
and  if  the  ogee  he  used  we  must  be  ready  to  receive  the  entire  bur- 
den at  the  toe  of  the  dam,  and  it  is  often  a-difficult  matter  to  do  this. 

Mr.  Harrison. — If  turned  in  a  horizontal  direction  it  would 
lessen  the  damage,  would  it  not? 

Mr.  Harper. — I  think  the  best  method  of  killing  a  fall  of 
this  kind  is  found  in  building  a  small  dam  below  and  submerge  the 
toe  of  the  larger  one,  thus  forming  a  w^ater  cushion  to  receive  the 
impact.  The  position  of  our  power  house  prevented  an  application 
of  this  method  with  us. 

Mr.  C.  D.  Vail. — What  was  the  depth  of  the  water  upon  the 
crest? 

Mr.  Harper. — About  9  feet  when  measured  from  the  surface 
of  the  water  in  the  reservoir.  When  all  needed  corrections,  since 
determined,  have  been  made,  I  find  the  maximum  depth  over  the 
lowest  point  on  the  crest  to  have  been  9  feet  6  inches. 
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By  Willis  B.  Wright,  Assistant  Engineer  Drainage  Commission  of  New 
Orleans,  Member  of  Louisiana  Engineering  Society. 


[Read  before  the  Society  March  12,   1900.*] 

The  City  of  Mexico  Avas  founded  by  the  Aztecs,  whose  history 
tells  of  their  migration  from  the  far  North,  stopping  and  dwelling 
many  years  in  three  distinct  places  on  the  route :  first,  by  the  Great 
Salt  Sea  in  Utah;  second,  by  the  Great  River  in  Arizona;  third,  on 
plains  of  Northern  Mexico. 

Firmly  fixed  in  mind  was  the  legend  that  their  final  resting 
place  was  to  be  where  they  should  see  an  eagle  sitting  on  a 
cactus  killing  a  snake.  This  they  saw  on  reaching  the  Valley  of 
Mexico,  on  a  low,  marshy  island,  far  out  in  the  waters  of  a  great 
lake.  There,  in  accordance  with  the  voice  of  the  oracle,  they 
founded  their  city,  later  the  seat  of  a  great  civilization,  and  styled 
by  Cortez  in  his  writings,  at  the  time  of  the  conquest,  as  the  most 
beautiful  thing  on  earth. 

It  then  contained  60,000  houses  and  500,000  inhabitants.  In 
the  center  of  the  city  was  a  vast  pyramid  of  worship,  the  summit 
being  reached  by  a  broad  road  passing  four  times  around  the 
structure  in  the  ascent,  and  there,  often,  as  many  as  20,000  human 
sacrifices  were  offered  up  in  the  course  of  a  single  year. 

The  Valley  of  Mexico  (see  map.  Fig.  i)  is  about  200  miles  in 
circumference,  and  although  7000  feet  above  the  level  of  the  sea, 
is  entirely  surrounded  by  lofty  mountains,  of  which  the  snow-clad 
volcanoes  of  Popocatepetl,  the  "Smoking  Mountain,"  and  Iztacci- 
huatl,  the  "Sleeping  Maiden,"  are  17,000  feet  high. 

In  these  mountains  rise  many  rivers,  emptying  first  into  a 
series  of  lakes,  which  in  turn  empty  into  central  Lake  Texcoco, 
the  largest  and  lowest  of  them  all,  occupying  the  extreme  bottom 
of  the  basin.  The  City  of  Mexico,  built  originally  on  a  low, 
marshy  island  in  this  lake,  was  intersected  by  many  navigable 
canals  and  approached  by  three  causeways,  one  from  the  north, 
one  from  the  west,  and  one  from  the  south,  each  three  miles 
long  and  twenty  feet  broad. 

It  can  easily  be  seen  that  a  city  situated  in  the  bottom  of  a 
basin,  and  practically  on  the  same  level  as  the  water,  should  be 
in  great  danger  from  floods  whenever  exceptional  rains  should  oc- 
cur throughout  the  valley,  and  such  floods  did  occur  periodically. 
The  inundations,  however,  did  little  damage  to  the  natives,  who 

^Manuscript  received  April   14,    1900. — Secretary,   Ass'n  of  Eng.   Socs. 
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lived   much    in   canoes   and  whose   houses   were   so   constructed 
that  boats  could  pass  through  the  lower  story. 

But  the  losses  occasioned  under  Spanish  rule  were  very  great, 
and  very  alarming  to  the  inhabitants,  who,  after  the  necessary 
razing  of  the  old  city  at  the  time  of  the  conquest,  had  abandoned 
the  Aztec  system  of  canals  and  built  a  nu^dcrn  city  with  paved 
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streets.  In  the  year  1629.  the  i)lace  was  flooded  to  a  depth  of  six 
feet  and  so  remained  for  a  period  of  five  years.  Great  wretched- 
ness prevailed,  all  commerce  was  at  a  standstill,  and  the  King  of 
Spain  even  went  so  far  as  to  order  the  city,  with  its  temples  and 
palaces,  abandoned  for  a  new  site  near  the  foothills.  Then,  for- 
tiuiately,  a  series  of  earthquakes  occurred  which  opened  up  fis- 
sures in  the  earth  and  temporarily  swallowed  up  the  waters.    More- 
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over,  the  shallow  lake  receded,  and  left  the  city  on  dry  land  about 
two  miles  from  the  shore,  the  present  condition. 

To  relieve  it  from  another  such  catastrophe  an  opening 
through  the  mountains  was  at  length  determined  upon,  to  deflect 
and  discharge  outside  the  valley  the  waters  of  Lake  Zumpango, 
into  'which  emptied  the  most  important  rivers.  This  work,  called 
the  Cut  of  Nochistongo,  was  completed  in  1789,  and  was  then  one 
of  the  most  gigantic  hydraulic  operations  ever  executed  by  man. 
The  canal  through  the  summit  was  over  twelve  miles  long,  having 
an  extreme  depth  of  200  feet,  and  greatest  width  360  feet.  These 
operations  proved  fatal  to  multitudes  of  natives,  compelled  to  labor 
on  the  public  work,  carrying  out  the  excavated  material  in  baskets 


Fig.  3.    Profile  of  Tunnel. 


on  their  heads,  and  toiling  up  the  steep  slopes  under  pitiless  task- 
masters. In  spite  of  this  partial  relief  the  city  was  still  always  sub- 
ject to  great  risks,  and  schemes  to  furnish  more  perfect  drainage 
were  continually  advocated. 

The  new  drainage  work  at  last  undertaken  had  in  view  two 
objects:  first,  the  complete  drainage  of  the  Valley  of  Mexico,  and 
second,  the  providing  of  an  outlet  for  the  drainage  and  sewerage  of 
the  City  of  Mexico. 

It  had  for  its  key  a  great  tunnel  through  the  mountains.  The 
most  serious  problem  to  be  solved  was  the  proper  location  of  this 
tunnel,  which  was  finally  decided  upon  at  a  point  near  Lake  Zum- 
pango, some  miles  east  of  the  Cut  of  Nochistongo.  (On  Fig.  2  is 
shown  a  profile  of  the  tunnel,  which  is  al>out  six  miles  long,  and  a 
cross-section  on  Fig.  3.) 

The  tunnel  is  laid  with  a  broken  and  increased  grade  amount- 
ing altogether  to  a  fall  of  28  feet  in  six  miles.  Twenty-five  rec- 
tangular shafts  8  feet  by  10  feet,  and  varying  in  depth  from  70  to 
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300  feet,  were  sunk  at  rei^ular  intervals  of  one-cjuarter  mile  for  con- 
struction purposes.  The  tunnel  section  is  egg-shaped,  14  feet  in 
height  and  slightly  less  in  width.  The  roof  is  lined  18  inches  thick 
with  four  rings  or  rowlocks  of  brick.  The  lower  part,  somewhat 
thinner,  is  lined  with  artificial  stone  made  of  sand  and  Portland 
cement.  'Jhc  calculated  velocity  of  How  is  about  four  feet  per 
second,  giving  a  volume  of  630  cubic  feet  per  second. 

The  cutting  at  the  discharge  end  is  abotit  two  miles  long  with 
an  average  depth  of  50  feet. 

The  approach  canal,  called  the  "'Grand  Canal"  (see  profile 
and  sections.  Figs.  4  and  5),  starts  at  the  City  of  Mexico  near  the 
old  pumping  station  at  the  gate  of  San  Lazaro,  and  is  about  28 
miles  long,  with  a  fall  amounting  altogether  to  28  feet,  or  one  foot 


Fig.  3.    Section  of  Tunnel. 

per  mile.  The  depth  of  cutting  at  San  Lazaro  is  18  feet,  and  at 
the  mouth  of  the  tunnel  65  feet.  For  12  miles  the  bottom  width  is 
18  feet,  with  side  slopes  of  i  to  i,  but  from  that  point  on,  on  ac- 
count of  seepage  from  the  valley,  which  amounts  for  several 
months  of  the  year  to  as  much  as  85  cubic  feet  per  second,  the  bot- 
tom width  is  made  21  feet.  It  is  calculated  to  carry  the  maximum 
amount  that  can  pass  through  the  tunnel, — viz,  630  cubic  feet  per 
second. 

The  soil  through  which  it  is  built  is  of  clay  or  calcareous  for- 
mation. The  contractors  began  work  with  hand  labor,  draining 
by  centrifugal  pump,  reaching  thus  a  depth  of  10  feet.  Then  were 
used  five  Couloir  dredges  of  the  most  powerful  class,  each  capable 
of  excavating  40CX)  cubic  yards  per  day  and  discharging  the  earth 
at  a  distance  of  over  600  feet  from  the  banks  of  the  canal.  As 
they  could  not  work  below  a  certain  depth,  second  cuttings  were 
made  by  regulating  the  level  of  the  water  in  the  canal  by  use 
of  earthen  dams.     The  total  excavation  reached  15,000,000  cubic 
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yards,  equi=valent,  at  20,000  cubic  yards  per  day,  to  750  working 
days,  or  over  two  years'  full  time.  Every  two  weeks  a  special  train 
was  at  the  service  of  visitors  desiring  to  take  a  trip  of  inspection. 
After  the  completion  of  this  work  the  City  of  Mexico  had  available 
the  long-desired  outlet  for  the  sanitary  disposal  of  its  drainage  and 
sewerage. 

The  old  system  in  use  was  quite  similar  to  that  of  New  Orleans, 
but  the  ground  being  quite  level  the  city  did  not  have  even  the  ad- 
vantage of  the  fall  we  Rave  from  the  river  toward  the  lake.  The 
gutters  were  not  open  as  here,  but  were  carried  under  the  pavement. 
The  catch  basins  were  usually  merely  two  narrow  slits  in  the 
stone  covering.  The  drains  being  nearly  level,  only  a  very  slug- 
gish flow  could  be  obtained  at  times  when  there  was  much  rain. 
During  the  dry  season  many  were  practically  stagnant,  and  offen- 
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sive  at  openings,  in  spite  of  such  flushing  as  could  be  obtained  by 
gravity  from  the  Yiga  Canal.  Many  closets  of  modern  design 
'Were  connected  with  these  drains,  which  for  lack  of  current  grad- 
ually filled  and  became  absolutely  choked  with  solid  matter. 
When  so  filled  the  pavement  had  to  be  torn  up,  and  the  contents 
excavated,  and  the  nuisance  thus  created  was  unspeakable.  Dur- 
ing heavy  rains  the  streets  were  flooded  and  impassable,  just  as 
they  are,  or  rather  used  to  be,  here.  All  drains  finally  emptied 
into  an  open  low-level  canal  running  to  the  gate  of  San  Lazaro. 
There  was  located  a  pumping  station  which  discharged  through 
an  open  high-level  canal  into  Lake  Texcoco.  This  tended  contin- 
ually to  fill  up  the  lake,  already  too  shallow,  and  created  very  un- 
sanitary conditions,  much  worse  than  at  Lake  Pontchartrain,  where 
the  water  is  deeper. 

Like  all  Spanish  cities,  Mexico  has  narrow  streets  and  is  com- 
pactly built,  nearly  all  the  houses  being  contiguous.  With  a  popu- 
lation of  300,000  souls,  being  somewhat  more  than  that  of  New- 
Orleans,  it  stands  on  a  tract  of  land  onlv  a  little  more  than  two 
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miles  square,  as  compared  with  about  twenty  square  miles  of  built 
up  area  here. 

A  new  drainage  and  sewerage  system  designed  for  the  city 
proper  has  been  contracted  for  and  partially  constructed.  It  is  the 
combined  water  carriage  system,  and  not  the  separate  system  as 
in  use  here,  the  comparatively  small  area  served  and  small  rainfall 
rendering  this  possible  and  advisable. 

As  with  our  own  drainage  system,  three  years  of  careful 
preparation  were  spent  before  the  system  was  finally  adopted.  A 
comparative  study  was  made  of  the  methods  in  use  in  all  the  larger 
cities  of  both  Europe  and  the  United  States.  All  the  problems 
to  be  met  with  were  considered  and  solved,  by  analyzing  not  only 
the  conditions  under  which  each  solution  was  arrived  at,  but  also 
the  defects  and  difficulties  which  had  been  observed  in  each  case 
after  completion. 
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The  scheme  approved  satisfied  this  prime  condition,  that  any 
sanitary  w-ork  should  be  simple,  both  as  to  whole  and  to  details; 
also  that  nothing  should  be  done  that  is  not  absolutely  indispensa- 
ble. 

A  new  discharge  pumping  station  wdth  ordinary  discharge 
duty  of  175  cubic  feet  per  second  is  located  at  the  eastern  edge  of 
the  city,  near  the  old  site  at  the  gate  of  San  Lazaro,  at  the  begin- 
ning of  the  Grand  Canal.  North  and  south  from  this  station  run 
the  main  receiving  sewers,  each  8  feet  in  diameter  and  i  mile  long. 
From  these,  westward,  at  right  angles,  on  selected  streets  six 
blocks  apart,  run  six  trunk  or  collecting  sewers,  each  6  feet  in 
diameter  and  2  miles  long.  These  collect  the  sewerage  from  lat- 
erals of  vitrified  pipe,  from  24  inches  to  16  inches  in  diameter,  run- 
ning zigzag  for  three  blocks  each  way  to  summits.  Thus  laterals 
run  along  every  street  and  reach  every  corner,  avoiding  all  dead 
ends  except  on  summit  streets. 
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The  flushing  system  is  thus  arranged.  Some  miles  to  the 
southward  are  the  Lakes  Xochimilco  and  Chalco,  of  area  about  50 
square  miles,  and  some  feet  above  the  level  of  the  city.  A  canal 
is  located,  encircling  these  lakes,  so  as  to  collect  all  the  water  of  the 
streams  flowing  into  them.  Thence,  intercepting  other  streams  on 
the  way,  it  reaches  the  city  at  the  southwestern  corner,  near  the 
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Piedad  gate.  There  a  pumping  station  is  located  with  a  pump  ca- 
pable of  discharging  35  cubic  feet  per  second,  with  a  pressure  of  15 
pounds  per  square  inch.  This  pump  furnishes  water  to  a  steel 
force  main  42  inches  in  diameter,  running  north  along  the  western 
side  of  the  city,  opposite  the  discharge  pumping  station  (see 
Fig.  6).  From  this  main,  at  intervals  of  six  blocks,  at  right  angles, 
along  the  summit  streets,  run  steel  branch  pipes  30  inches  in 
diameter,  and  to  these  pipes  with  valve  connections  all  the  ends  of 
the  lateral  sewers  are  joined  for  flushing. 
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\\"nh  a  ituiii])  capacity  of  200  cubic  feet  per  second,  it  would 
bo  i)i)ssil)k'  In  establish  a  constant  ciuTent  that  would  never  be 
less  than  2  feet  per  second,  thnm^li  all  the  sewers  of  the  city. 

With  nnly  a  part  of  the  water  furnished  by  the  flushing-  canal 
it  woidd  l)c  possible  to  flush  every  day  all  the  sewers  of  the  city  by 
sudden  rushes  of  water,  qivinj;-  a  least  velocity  of  3  to  6  feet  ])er 
second. 

It  is  certain  that  Hushing  as  often  as  once  a  day  will  not  be 
necessary,  but  even  so,  it  would  only  require  the  continuous  service 
of  a  small  number  of  men  at  moderate  wages. 

Up  to  the  present  time  it  is  said  that  there  is  no  city  in  the 
world  that  can  be  so  well  and  cheaply  served. 

All  main  sewers  are  circular  and  made  of  press-hardened 
brick,  with  uK^rtar  of  cement  and  hydraulic  lime.  The  bottom  is 
treated  with  a  cement  coating  to  give  a  smooth  surface. 

Tlie  flushing  mains  are  of  riveted  steel,  about  3-16  inches  in 
thickness,  and  are  treated  with  a  preparation  of  asphaltum,  said, 
as  shown  by  experience,  to  preserve  them  from  rust  indefinitely. 

The  laterals  are  of  ordinary  vitrified  pipe. 

All  connections  and  bifurcations  are  made  with  necessary  pre- 
cautions.    Increased  slope  is  used  in  curves. 

Careful  study  was  made  of  gutter  connections  so  as  to  prevent 
the  entrance  of  street  rubbish.  IVovision  is  made  to  remove  ob- 
stacles, shoidd  they  by  any  possibility  be  encountered,  by  con- 
structing plenty  of  manholes  and  lampholes,  to  save  removal  of 
pavement.  In  accordance  with  the  absolute  general  principle,  all 
drains  are  thoroughly  ventilated. 

With  all  these  i)recautions  to  avoid  silting  up.  it  is  not  probable 
that  any  dangerous  closures  will  occur,  or  that  any  pestilential 
odors  will  be  emitted. 

The  City  of  Mexico  is  spreading  westward  toward  Chapulte- 
pec,  and  the  systeiu  designed,  although  referring  herein  only  to  the 
old  city,  is  planned  for  extension  to  take  in  an  ecjual  area  of  subur- 
ban district  to  provide  for  future  growth,  as  has  been  done  here 
with  our  own  drainage  system.  Of  course  such  a  perfect  system 
of  drainage  and  sewerage  to  a  city  so  situated  will  be  of  inestimable 
value. 

Being  in  the  Federal  District,  the  work  is  carried  out  largely 
at  the  expense  of  the  National  Covernment,  which  in  all  countries 
has  means  of  collecting  ample  funds  for  such  great  improvements. 

How  much  greater  the  credit  to  this  city  which  to-day  is 
taking  upon  its  shoulders  unassisted  the  burden  of  providing  for  so 
much  greater  area,  separate,  and  therefore  more  costly,  systems  of 
drainage  and  sewerage,  as  well  as  a  modern  svstem  of  water  works. 
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THE    CEMENT   AGE. 


By  G.  W.  Percy,  Member  Technical  Society  of  the  Pacific  Coast. 


[Read  before  the  Society  April  6,  1900.*] 

From  a  very  early  period  in  the  history  of  building,  mankind 
in  every  part  of  the  world  has  sought  a  proper  material  for  binding 
together  the  separate  bricks,  stones  or  fragments  with  which  he 
constructed  his  walls. 

The  qualities  and  properties  such  material  should  possess  are 
obviously : — 

First.  That  when  prepared  for  use  it  should  be  soft  and  plas- 
tic to  properly  fill  all  joints,  cavities  and  interstices  between  the 
larger  members. 

Second.  That  it  should  harden  and  resist  decomposition  on 
exposure  to  the  air  and  other  elements. 

Third.  That  it  should  have  a  good  degree  of  adhesive  and  co- 
hesive strength,  and,  lastly,  that  it  should  be  readily  obtained  in 
abvmdant  quantities. 

As  civilization  advanced,  and  more  important  works  were  un- 
dertaken, not  only  on  dry  land  but  in  water,  another  important 
property  was  required, — namely,  that  such  material  should  set  or 
harden  under  water,  and  be  able  to  resist  the  actions  of  that  element 
even  when  subject  to  strong  currents,  or  sea  waves. 

The  progress  toward  attaining  the  desired  results  has  often 
been  slow  and  groping.  At  times  rapid  strides  were  made,  while 
at  other  times  for  entire  centuries  the  art  seems  to  have  retro- 
graded. 

Most  primitive  peoples  seem  to  have  connnenced  with  clay, 
used  in  its  natural  state. 

As  its  defects  became  apparent,  they  improved  it  in  some  cases 
by  mixing  with  sand,  gravel  or  with  crushed  shells,  and  in  other 
cases  with  straw  and  other  fibrous  materials. 

In  some  parts  of  the  world  where  bitumen  could  be  obtained 
it  was  used  very  successfully  for  cementing  bricks  and  stone  to- 
gether, as  at  Babylon;  and  the  "slime"  referred  to  in  Gen.  xl.  3 
was  doubtless  bitumen.  On  account  of  its  common  use,  the  ruins 
of  Babylon  are  much  better  preserved  than  those  of  Ninevah,  which 
appears  to  have  been  built  largely  of  adobe  bricks  and  loamy 
mortar. 

When  and  where  the  discovery  was  first  made  that  marble  or 
otl>er  pure  limestone,  when  burned  or  calcined  with  great  heat, 

*J\Ianuscript   received   April    12.    1900. — Secretary,   Ass'n   of  Eng.    Socs. 
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slaked  with  water  and  mixed  with  sand  or  tine  gravel,  would  make 
a  good  cementing  substance  is  not  known. 

But  its  discovery  was  one  of  the  great  strides  toward  better 
building  and  higher  civilization. 

It  can  be  traced  back  to  the  ancient  Phcenicians  and  Egyptians, 
whose  massive  ruins  to  this  day  show  clearly  its  use. 

The  Greeks,  to  iwhom  we  naturally  look  for  improvement  over 
all  earlier  artificers,  instead  of  developing  a  cementing  substance, 
sought  to  dispense  with  it  entirely  by  making  such  perfect  joints 
in  their  stone  structures  as  to  leave  no  room  for  cement  or  mortar 
of  any  kind,  and  the  prodigious  labor  they  expended  and  the  high 
mechanical  skill  they  employed  in  rubbing  massive  stones  to  per- 
fect joints  and  inserting  dowels  or  keys  of  wood  and  metal  has  re- 
mained the  wonder  of  the  world. 

To  the  ancient  Romans  we  nuist  look,  not  only  for  the  great- 
est perfections  in  this  art,  but  for  the  earliest  literature  on  the 
subject  that  has  come  down  to  us. 

Mtruvius,  in  his  ten  books  on  architecture,  written  about 
twenty-five  years  before  the  Christian  Era,  has  much  to  say  on  the 
subject  of  lime,  mortar,  cement,  etc. 

As  the  exact  process  of  setting  and  hardening  of  mortar  is  not 
fully  understood  in  our  day,  it  may  be  interesting  to  note  how 
glibly  Vitruvius  (with  whom  everything  in  nature  is  composed  of 
four  elements, — earth,  air,  fire  and  water)  explains  the  mystery. 

He  says:  "Of  the  natm-e  of  lime,  which  is  burnt,  either  from 
white  stone  or  flint,  that  which  is  of  a  close  and  hard  texture  is 
better  for  building  walls ;  as  that  which  is  more  porous  is  better  for 
plastering. 

"When  slaked  for  making-  mortar,  if  pit  sand  be  used,  three 
parts  of  sand  are  mixed  with  one  of  lime;  if  river  or  sea  sand  be 
made  use  of,  two  parts  of  sand  are  given  to  one  of  lime,  which  will 
be  found  a  proper  proportion 

"The  cause  of  the  mass  becoming  solid  when  sand  and  water 
are  added  to  the  lime  aj^pears  to  be  that  stones,  like  other  bodies, 
are  a  compound  of  elements;  those  which  contain  large  quantities 
of  air  being  soft;  those  which  have  a  great  proportion  of  water 
being  tough,  of  earth  hard,  of  fire  brittle.  For  stones  which  when 
burnt  would  make  excellent  lime,  if  pounded  and  mixed  with  sand, 
without  burning,  would  neither  bind  the  work  together  nor  set 
hard;  but  having  passed  through  the  kiln  and  having  lost  the  prop- 
erty of  their  former  tenacity  by  the  action  of  intense  heat,  their 
adhesiveness  being  exhausted,  the  pores  are  left  open  and  inactive. 
The  moisture  and  air  which  were  in  the  bodv  of  the  stone  having 
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therefore  been  extracted  and  exhausted,  the  heat  being  partially  re- 
tained, when  the  substance  is  immersed  in  water,  before  the  heat 
can  be  dissipated,  it  acquires  strength  by  the  water  rushing  into 
all  its  pores,  effervesces,  and  at  last  the  heat  is  excluded. 

"Hence,  limestone,  previous  to  its  burning,  is  much  heavier 
than  it  is  after  having  passed  through  the  kiln;  for,  though  equal 
in  bulk,  it  is  known  by  abstraction  of  the  moisture  it  previously 
contained  to  lose  one-third  of  its  weight  by  the  process. 

"The  pores  of  limestone  being  thus  opened,  it  more  easily 
takes  up  the  sand  mixed  with  it,  and  adheres  thereto;  and  hence  in 
drying  binds  the  stones  together,  by  which  sound  work  is  ob- 
tained." 

The  Romans  probably  gave  more  attention  to  the  selection  of 
good  material  and  careful  manipulation  in  making  mortar  than 
any  other  people. 

Pliny  tells  us  that  "lime  was  not  allowed  to  be  used  until  it  had 
been  slaked  for  a  period  of  three  years." 

The  sand  and  prepared  lime  were  then  pounded  in  the  "mor- 
tarium"  and  converted  into  a  cement;  our  word  mortar  being  de- 
rived from  the  vessel,  which  we  still  call  a  mortar,  but  no  longer 
use  for  that  purpose. 

The  early  Romans  also  discovered  that  the  addition  of  poz- 
zuolana  from  the  volcanic  ashes,  when  properly  mixed  with  the  lime 
mortar,  gave  to  it  hydraulic  properties  and  enabled  them  to  suc- 
cessfully execute  such  engineering  work  as  piers,  harbors,  aque- 
ducts, great  cisterns,  etc. 

Of  this  material  Mtruvius  says: 

"There  is  a  species  of" sand  which  naturally  possesses  extraor- 
dinary cjualities. 

"It  is  found  about  Biiiae  and  the  territory  in  the  neighbor- 
hood of  Mount  Vesuvius;  if  mixed  with  lime  and  rubble,  it  hardens 
as  well  under  water  as  in  ordinary  buildings." 

He  explains  this  as  follows: 

"This  seems  to  arise  from  the  hotness  of  the  earth  under  these 
mountains,  and  the  abundance  of  springs  under  their  bases  which 
are  heated  either  with  sulphur,  bitumen  or  alum,  and  indicate 
very  intense  fire.  The  inward  fire  and  heat  of  the  flame  'which 
escapes  and  burns  through  the  chinks  make  this  earth  light;  the 
sandstone,  therefore,  which  is  gathered  in  the  neighborhood  is  dry 
and  free  from  moisture. 

"Since,  then,  three  circumstances  of  a  similar  nature,  arising 
from  the  intensity  of  the  fire,  combine  in  one  mixture  as  soon  as 
moisture   supervenes,   they   cohere   and    quickly   harden    through 
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dampness,  so  that  neither  the  waves  nor  the  force  of  the  water  can 
disunite  them." 

His  next  sentence  is  an  interesting-  reference  to  the  condition 
of  \'esnvius  and  the  traditions  prevaiUng  in  his  day,  one  hundred 
years  before  the  great  eruptions  which  destroyed  Pompeii  and 
Hcrculaneum.     He  says: 

"That  these  lands  are  affected  with  heat,  as  surmised,  is  evi- 
dent, because  in  the  mountains  of  Cunea  and  at  Baiae  sweating- 
places  are  excavated  in  iwhich  the  hot  vapor,  rising  upward  from 
the  intensity  of  the  fire,  strikes  through  the  earth,  and  so  escapes 
in  these  places  that  they  are  singularly  beneficial  for  the  purposes 
described. 

"It  is,  moreover,  said  that  in  former  times  fires  under  \'esuvius 

existed  in  abundance,  and  thence  evolved  flames  about  the  fields." 

The  use  of  pozzuolana  by  the  Romans  to  improve  lime  mortar 

and  to  impart  some  hydraulic  property  was  the  first  step  so  far  as 

known  toward  a  pure  hydraulic  mortar  or  cement. 

The  Romans  used  it  in  all  their  important  structures  in  Italy, 
and  where  pozzuolana  could  not  be  obtained  they  sought  some 
substitute;  as  on  the  Rhine  they  used  pounded  tufa  or  trass;  in 
Britain  and  France  they  often  used  pulverized  bricks  and  pottery, 
nearly  always  producing  an  excellent  mortar. 

After  the  downfall  of  the  Roman  power,  and  throughout  the 
middle  ages,  no  improvement  whatever  was  made  in  the  art,  and 
less  care  bestowed  in  selecting  and  nianii)ulating  the  ingredients. 
As  a  result,  for  twelve  hundred  years  mortar  inferior  to  that  of  the 
Romans  was  generally  used,  and  making  good  hydraulic  mortar 
was  a  lost  art. 

During  the  eighteenth  century,  much  attention  was  given  to 
the  subject  and  many  attempts  were  made  to  improve  lime  mortar 
by  the  use  of  pozzuolana  as  described  by  \*itruvius,  but  without 
very  marked  success. 

It  was  not  until  the  year  1756  that  John  Smeaton,  the  cele- 
brated engineer,  in  experimenting  to  find  a  suitable  mortar  with 
which  to  erect  the  Eddystone  Lighthouse,  discovered  the  true 
source  of  hydraulicity  in  certain  limestones. 

He  made  many  experiments  Avith  pure  lime  mixed  with  poz- 
zuolana and  with  powdered  bricks,  without  obtaining  satisfactory 
results.  But  on  trying  lime  made  from  the  impure  limestone  of 
"Abcrthaw"  he  found  it  to  be  fairly  hydraulic. 

On  carrying  the  experiment  farther  with  other  impure  lime- 
stones, he  arrived  at  and  announced  his  conclusions  that  onlv  lime- 
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stones  carrying-  clay  or  argillaceous  earth  had  hydraulic  proper- 
ties. 

Of  this  discovery  Smeaton  in  his  "Narrative  of  the  Eddystone 
Lighthouse"  says: 

"It  remains  a  curious  question  which  I  must  leave  to  learned 
naturalists  and  chemists,  why  an  intermediate  mixture  of  clay  in 
the  compositions  of  limestone  of  any  kind,  either  hard  or  soft, 
should  render  it  capable  of  setting  in  water  in  a  manner  no  pure 
lime  I  have  yet  seen,  from  any  kind  of  stone  whatever,  has  been 
capable  of  doing. 

"It  is  easy  to  add  clay  in  any  proportion  to  pure  lime,  but  it 
produces  no  such  effect;  it  is  easy  to  add  brick  dust  either  finely  or 
coarsely  powdered  to  such  lime  in  any  proportions  also;  but  this 
seems  unattended  with  any  other  effect  than  what  arises  from 
other  bodies,  becoming  porous  and  spongy  and  therefore  absorb- 
ent of  'Water  as  already  hinted  and  excepting  what  may  reason- 
ably be  attributed  to  the  irony  particles  that  red  brick  dust  may 
contain. 

"In  short,  I  have  as  yet  found  no  treatment  of  pure  calcareous 
lime  that  renders  it  more  fit  to  set  in  water  than  it  is  by  nature, 
except  what  is  to  be  derived  from  the  admixture  of  trass,  pozzuo- 
lana  and  some  ferruginous  substance  of  a  similar  nature." 

The  mortar  used  by  Smeaton  in  erecting  the  Eddystone  Light- 
house was  carefully  composed  of  Aberthaw  hydraulic  lime  and 
Italian  pozzuolana,  and  the  investigations  commenced  by  Smeaton 
were  followed  up  until  near  the  middle  of  this  centur\'.  They  re- 
sulted in  the  manufacture  of  Portland  cement. 

Smeaton's  own  experiments,  whicli  resulted  in  one  great  dis- 
covery, just  fell  short  of  a  greater  one. 

He  found  in  the  quarries  of  Aberthaw  limestone,  various 
stratas,  all  carrying  more  or  less  clay,  and  selected  only  such  as 
would  slake  in  water,  after  being  burnt,  rejecting  all  that  would  not 
slake. 

Had  he  burnt  some  of  this  rejected  limestone  more  thoroughly 
and  ground  it  to  a  fine  powder,  he  would  have  discovered  the 
secret  of  the  rock  cements  of  our  day,  and  obtained  a  superior 
article  for  his  important  engineering  work. 

The  latter  discovery  seems  to  rest  with  Mr.  Parker,  of  London, 
who,  in  the  year  1796, took  out  a  patent  for  the  manufacture  of  what 
he  called  "Roman  Cement"  from  nodules  of  clay  and  limestone 
formation  found  in  the  Isle  Sheppy  and  along  certain  parts  of  the 
Kent  and  Essex  coasts. 
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Tlicse  nodules  were  of  natural  cement  rock  and  after  calcina- 
tions it  was  reduced  to  powder  in  mills  suited  to  the  purpose,  pro- 
ducing^ a  very  strong-,  quick-setting,  hydraulic  cement,  'which  soon 
caused  great  demand  both  in  England  and  for  export. 

At  one  time  Roman  cement  was  considered  an  article  of  suf- 
ficient importance  to  require  special  legislation  in  the  English 
Parliament  for  its  protection. 

During-  the  premiership  of  Sir  Robert  Peel,  serious  intentions 
were  entertained  of  imposing  a  prohibitory  tax  on  all  foreigners 
found  dredging  for  cement  stone  off  the  English  coast. 

In  1818, — twenty-two  years  after  Parker  had  patented  his 
Roman  cement, — Canvass  AMiite,  of  this  country,  discovered  and 
patented  a  similar  cement  found  near  Fayetteville,  N.  Y. 

The  cement  was  used  in  large  (juantities  in  the  construction  of 
locks,  viaducts  and  culverts  on  the  Erie  Canal,  then  in  course  of 
construction. 

Subsequently  the  State  of  New  York  purchased  the  patent 
from  Mr.  \\'hite  for  $10,000  and  made  the  discovery  public  prop- 
erty. 

This  proved  to  be  the  beginning  of  a  great  industry,  not  only 
of  the  well-known  Rosendale  cement  in  New  York,  but  in  many 
other  sections  of  the  country  where  suitable  materials  are  found. 

At  this  date  the  production  of  natural  rock  cements  in  the 
United  States  amounts  to  about  9,000,000  barrels  yearly. 

The  first  mention  we  have  of  the  production  of  an  artificial 
cement  or  of  "Artificial  Hydraulic  Lime,"  as  it  was  then  called, 
was  in  1810,  when  Edgar  Dobbs,  of  Southwark,  London,  obtained 
a  patent  for  its  manufacture  by  mixing  in  suitable  proportions 
carbonate  of  lime  and  clay,  and  after  drying  he  molded  or  cut  it 
into  pieces  before  burning. 

Pie  then  states  that: 

"The  burning  must  be  suflficient  to  expel  the  carbonic  acid 
from  the  lime  without  vitrifying  any  of  the  substances." 

Artificial  hydraulic  lime  was  also  produced  in  France  and 
Russia  between   1813  and   1818. 

In  1824,  Joseph  Aspdin,  of  Leeds,  England,  obtained  a  patent 
for  the  manufacture  of  an  artificial  cement  which  in  his  specifica- 
tions he  calls  "Portland  Cement,"  the  first  time  the  word  Portland 
was  applied  to  a  cement,  and  was  given  by  Aspdin  because  of  the 
similarity  in  color  of  his  cement  to  the  well-known  and  popular 
building  stone  known  as  Portland  stone. 

yir.  Aspdin's  specifications,  acompanying  his  application  for 
a  patent,  are  as  follows: 
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"My  method  of  making  a  cement  or  artificial  stone  for  stuc- 
coing buildings,  water  tanks,  cisterns,  or  any  other  purpose  to 
which  it  may  be  applicable  (and  which  I  call  Portland  cement),  is 
as  follows: 

"I  take  a  specific  quantity  of  limestone,  ~uch  as  that  generally 
used  in  making  or  repairing  roads,  and  I  take  it  from  the  roads 
after  it  is  reduced  to  a  puddle,  or  powder;  but  if  I  cannot  procure  a 
sufficient  quantity  of  the  above  from  the  roads,  I  obtain  the  lime- 
stone itself  and  I  cause  the  puddle  or  powder  or  the  limestone,  as 
the  case  may  be,  to  be  calcined,  and  I  then  take  a  specific  quantity 
of  argillaceous  earth  or  clay  and  mix  them  with  water  to  a  state 
approaching  impalpability  either  by  manual  labor  or  machinery. 

"After  this  proceeding,  I  put  the  above  mixture  into  a  slip  pan 
for  evaporation,  either  by  heat  of  the  sun  or  by  submitting  it  to  the 
action  of  fire,  or  steam  conveyed  in  flue  pipes  under  or  near  the 
pan,  until  the  water  is  entirely  evaporated. 

"Then  I  break  up  said  mixture  into  suitable  lumps  and  calcine 
them  in  a  furnace  similar  to  a  limekiln,  until  the  carbonic  acid  is 
entirely  expelled.  The  mixture  so  calcined  is  to  be  ground,  beaten 
or  rolled  to  a  fine  powder,  and  is  then  in  a  fit  state  for  making 
cement  or  artificial  stone. 

"This  powder  is  to  be  mixed  with  sufficient  quantity  of  water 
to  bring  it  into  the  consistency  of  mortar  and  thus  applied  to  the 
purposes  wanted." 

This  patent  of  Aspdin's  proved  of  little  importance  at  the  time. 
Little  or  no  manufacturing  appears  to  have  been  done  under  it, 
and  it  is  of  little  interest  aside  from  the  fact  that  it  gave  a  name  to 
the  material  now  so  extensively  manufactured  and  universally  used 
in  important  engineering  and  architectural  works. 

Scientific  investigators,  notably  among  whom  were  Dr.  John, 
of  Berlin,  M.  Vicot,  of  France,  and  General  Pasley,  of  England, 
were  diligently  at  work  from  1818  to  1850  in  perfecting  this  de- 
sirable material. 

The  first  successful  establishment  to  manufacture  and  sell 
Portland  cement  was  by  J.  B.  White  &  Sons,  England,  in  1845. 

The  investigations  and  discovery  of  Smeaton  that  clay  in  the 
limestone  imparted  hydraulicity,  together  with  the  analysis  of 
many  specimens  of  cement  and  mortar  from  Roman  ruins,  all 
showing  a  large  proportion  of  silicate  and  alumina,  led  the  investi- 
gators to  experiment  with  lime,  silica  and  alumina  in  various  prc5- 
portions  and  with  various  degrees  of  success. 

It  was  not  until  1850  that  an  artificial  cement  was  produced 
that  could  successfully  compete  with  the  Roman  and  other  natural 
rock  cement. 
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It  liaviiii^  been  proven  that  a  iiiixlurc  containing"  about  60 
]ior  cent,  carbonate  of  lime,  about  25  per  cent,  of  silica  and  about  15 
per  cent,  of  alumina  and  iron  oxides  would,  when  properly  mixed, 
thoroughly  burnt  and  ground  to  a  fine  powder,  produce  a  uniform, 
(|uick-setting  and  very  strong  hydraulic  cement;  factories  were  es- 
tal)lished  on  the  Thames  and  Medway  Rivers  for  its  production, 
where  the  raw  materials  were  found  in  abimdance,  the  chalk 
formations  furnishing  the  pure  carbonate  of  lime,  and  the  clay 
sediment  of  the  rivers,  composed  principally  of  silica  and  alumina 
with  some  oxide  of  iron,  traces  of  magnesia  and  other  impurities 
not  in  sufficient  tjuantities  to  injure  the  cement. 

The  early  manufactures  used,  roughly,  2^  parts  of  chalk  to 
I  of  clay. 

The  process  of  manufacture  consists  in  mixing  the  chalk  and 
clay  in  wash  mills  with  stifficient  water  to  reduce  it  to  a  creamy 
consistence.  This  is  known  as  slurry,  and  is  dried  in  shallow  re- 
ceptacles, heated  by  the  waste  heat  from  the  furnaces  and  kilns. 

It  is  then  burned  at  a  fixed  temperature  to  the  point  of  incip- 
ient vitrification,  somewhat  resembling  pumice  stone,  and  to  wdiich 
the  name  of  clinker  is  applied. 

The  clinker,  being  ground  to  the  finest  powder  and  bolted 
through  fine  sieves,  furnished  the  finished  product  known  the  world 
over  as  Portland  cement. 

The  superiority  of  Portland  cement  ov.er  Parker's  Roman 
cement  was  not  fully  established  in  England  until  about  i860,  and 
soon  after  that  date  the  product  was  very  greatly  increased  and 
importations  were  made  to  this  country,  selling  in  New  York  in 
1865  at  $8.00  to  $10.00  per  barrel. 

To  show  the  conservatism  of  the  English  Government  toward 
advanced  ideas,  as  late  as  1867, — forty-three  years  after  Portland 
cement  was  invented  and  patented, — a  large  contract  for  Chatham 
Dockyard  was  let  by  the  Admiralty,  and  while  the  work  to  be 
executed  was  within  a  few  hundred  yards  of  tw'O  Portland  cement 
factories,  that  material  was  not  mentioned  in  the  specifications ;  hut 
Roman  cement  and  pozzuolana  was  called  for  in  all  work  below  the 
water  line. 

This  was  found  very  unsatisfactory,  and  during  the  progress 
of  the  work,  Portland  cement  was  substituted. 

It  was  found  that  one-half  the  quantity  of  Portland  cement 
made  much  better  and  stronger  work. 

The  first  Portland  cement  brought  to  San  Francisco  was  in 
1862,  and  it  could  not  be  sold  at  cost  price. 
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Builders  condemned  it  on  inspection,  as  the  color  iwas  different 
from  Roman  or  other  natural  cements  to  which  they  were  accus- 
tomed. After  being-  kept  for  two  years  it  was  sold  for  warehouse 
charges,  and  purchased  by  Robert  Mitchell,  who  used  it  in  sewer 
building,  where  its  superiority  soon  became  manifested. 

At  that  time  Roman  cement  sold  in  San  Francisco  at  $9.00 
per  barrel,  and  Benicia,  a  local  natural  cement  then  on  the  market, 
at  $7.00  per  barrel. 

Soon  after  1870  the  importation  of  Portland  cement  increased 
largely  and  the  price  was  greatly  reduced. 

In  December,  1873,  the  first  cement  sidewalk  on  the  Pacific 
Coast  was  laid  by  George  Goodman  (who  is  still  in  that  business) 
on  the  northwest  corner  of  California  and  Kearney  streets,  San 
Francisco.*  At  that  time  Portland  cement  sold  at  $6.50  per  bar- 
rel. 

For  the  past  twenty-five  years  the  manufacture  and  consump- 
tion of  Portland  cement  has  increased  with  astonishing  rapidity, 
and  by  its  aid  many  important  engineering  works  have  been  suc- 
cessfully executed,  which  without  it  would  be  almost  impossible. 

It  is  now  used  in  all  civilized  countries  as  the  cementing  ma- 
terial, not  only  in  brick  and  stone  masonry,  but  mixed  as  concrete 
with  sand,  gravel  and  crushed  stones  as  the  basis  of  all  good  street 
paving,  sidewalks,  basement  floors,  piers  and  abutments  for 
bridges,  foundations  of  heavy  structures  of  all  kinds,  sea  walls, 
breakwater  docks  and  harbor  works,  dams  and  reservoirs. 

It  is  molded  into  blocks  for  artificial  stone  and  ornaments, 
spread  as  stucco  on  the  face  of  rough  brick  and  stone  work.  It  is 
applied  to  the  steel  frames  of  ships  to  prevent  corrosion  and  to  the 
steel  skeletons  of  buildings  to  prevent  both  corrosion  and  the 
effects  of  fire. 

Its  uses  seem  to  be  constantly  multiplying,  and  it  has  never 
been  driven  from  a  field  once  occupied. 

The  rapid  development  of  its  use  in  this  country  may  be  in- 
ferred from  the  following  abbreviated  table  of  imports : 

Imports,  1870,  about       35,000  barrels. 
"        1880,       "        300,000      " 
1885,       "        550,000      '• 
"        1890,       "      1,940,000      *' 
"        1891,       ''      2,988,000      " 
1891  and  1892  reached  the  high-^water  mark  of  importation. 
The  following  three  or  four  years  showed  a  falling  off  owing  to 

*This  first  piece  of  sidewalk,  after  twenty-six  years  of  wear,  and  while 
still  in  excellent  condition,  was  removed  a  few  months  ago  on  account  of 
rebuilding  on  the  premises. 
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the  business  depression,  while  the  great  increase  in  home  pro- 
duction has  more  than  supph'ed  the  increased  demand  during  the 
last  three  or  four  years. 

The  first  American  Portland  cement  was  manufactured  by  the 
Copley  Cement  Co.,  in  Pennsylvania,  in  1875  to  the  extent  of  1700 
barrels.  In  1880  this  company  manufactured  and  sold  32,000 
barrels.  Their  output  steadily  increased  until  1890  it  reached 
100,000  barrels.  In  the  meantime  several  other  manufacturers 
were  in  the  field,  making  the  entire  American  product  in  1890 
about  335,000  barrels. 

This  was  increased  with  most  astonishing  rapidity,  as  the  fol- 
lowing table  shows: 

1894,  about     800,000  barrels. 

1896,  "     1,550,000      " 

1897,  *•     2,678,000      " 

1898,  "     3,700,000      " 

1899,  over  4,000,000      " 

\\'hile  this  enormous  growth  of  the  production  of  Portland 
cement  in  this  country  has  been  going  on,  that  of  natural  rock 
cement  has  progressed  with  equal  strides. 

Its  quality  has  been  improved  and  more  uniform  results 
obtained  by  a  careful  selection  of  materials,  and  as  it  can  be  manu- 
factured and  sold  at  less  than  half  the  price  of  Portland  cement  it 
is  extensively  used,  as  the  returns  show  about  9,000,000  barrels 
produced  yearly  in  this  country. 

Thus  iwe  may  place  the  consumption  of  hydraulic  cement  in 
the  United  States  for  the  year  1899  at  something  over  15,000,000 
barrels,  9,000,000  of  natural  and  over  6,000,000  of  Portland  cement, 
of  which  all  but  2,100,000  barrels  was  home  production. 

As  before  stated,  the  first  factories  of  Portland  cement  were 
established  in  England,  and  soon  after  i860  English  Portland 
cement  commenced  to  be  used  in  this  country  on  the  most  impor- 
tant works  as  w^ell  as  in  other  parts  of  the  world. 

For  about  fifteen  years  after  i860  all  the  Portland  cement  used 
in  the  United  States  came  from  England. 

That  manufactured  by  White  &  Sons  and  by  Knight,  Beven 
&  Sturges  was  considerd  the  best  and  standard. 

In  the  meantime  the  Germans  had  commenced  its  manu- 
facture, and  by  the  application  of  better  scientific  knowledge  and 
skill  they  produced  an  article  superior  to  the  English  and  about 
1875  invaded  the  American  market. 

Up  to  that  time  it  had  been  considered  that  the  weight  of 
Portland  cement  was  a  fair  index  of  its  quality,  that  which  weighed 
the  heaviest  beins:  considered  the  best. 
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As  better  results  in  weight  could  be  obtained  by  not  grind- 
ing it  all  to  an  impalpable  powder,  the  English  cements  contained 
a  large  proportion  of  coarser  grains;  about  lo  per  cent,  would  be 
left  on  a  sieve  of  2500  meshes  to  a  square  inch,  and  25  to  30  per 
cent,  on  a  sieve  of  10,000  meshes  to  a  square  inch. 

The  Germans,  however,  demonstrated  that  fineness  was  of 
more  importance  than  weight,  and  from  the  first  ground  their 
cement  finer  than  the  English  and  produced  far  better  results. 

The  correctness  of  the  claim  was  easily  shown  in  the  following 
manner. 

By  sifting  out  the  coarser  grains  from  the  English  cement  and 
mixing  them  with  water,  it  would  not  set  or  harden  any  more  than 
so  much  sand,  but  these  same  coarse  grains  when  ground  or 
pounded  to  an  impalpable  powder  would  prove  to  be  the  best 
cement  in  the  entire  lot. 

Notwithstanding  such  easy  demonstrations  of  incompleteness 
in  the  English  method  of  manufacture,  it  was  several  years  before 
they  could  be  induced  to  change  their  method  of  grinding,  and  not 
until  they  had  lost  the  best  of  their  foreign  markets. 

Of  the  2,103,000  barrels  imported  into  the  United  States  dur- 
ing 1899— 

1,200.000  barrels  came  from  Germany. 

620,000  barrels  from  Belgium. 

200,000  or  I- 10  from  England. 
13,000  barrels  from  France. 
70,000  barrels  from  other  countries. 


2,103.000 

From  the  very  crude  method  of  judging  the  strength  of 
Portland  cement  by  its  weight,  so  commonly  practiced  twenty-five 
years  ago,  a  very  elaborate  system  of  mechanical  and  chemical 
testing  has  been  developed,  and  an  exceedingly  high  standard  of 
excellence  established. 

A  first-class  brand  of  Portland  cement  must  be  composed  of 
the  proper  ingredients  in  exact  proportions.  It  must  be  thor- 
oughly and  uniformly  burnt  to  a  hard  clinker.  It  must  be  so  finely 
ground  that  all  or  nearly  all  will  pass  through  a  sieve  of  10,000 
meshes  to  a  square  inch.  It  must,  when  mixed  with  water  and 
formed  into  briquettes,  require  about  500  to  600  pounds  to  a  square 
inch  to  tear  it  asunder  when  one  week  old,  and  about  700  to  800 
pounds  when  one  month  old,  while  it  should  continue  to  increase 
in  strength  with  diminishing  rates  for  about  two  years. 

It  must  contain  no  free  lime,  not  over  i|  per  cent,  of  magnesia 
and  no  other  substance  that  under  any  known  conditions  could 
contribute  to  its  disintegration. 
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Thus  we  liavc  in  Portland  cement  the  most  enduring  material 
I)r()iluced  and  used  by  man  on  an  extensive  scale  in  all  his  con- 
structive arts. 

The  most  important  and  lasting  monuments  of  modern  times 
owe  to  this  remarkable  material  much  of  their  integritv  and  en- 
during quality. 

Ethnologists  inform  us  that  the  earliest  age  of  man  was  one  in 
which  his  principal  works  were  of  clay,  then  an  age  of  stone  in 
the  rough  and  later  polished  state,  then  an  age  of  bronze,  then  iron, 
while  the  present  is  often  called  the  age  of  steel. 

If,  however,  we  could  imagine  a  great  cataclysm  of  nature  to 
occur  during  the  coming  century,  which  should  effectually  remove 
all  civilized  peoples  from  the  face  of  the  earth,  wipe  out  all  their 
literature  and  knowledge,  leaving  their  works,  both  monumental 
and  industrial,  to  the  destroying  hand  of  time  and  the  acts  of  bar- 
barous peoples  for  one  or  two  thousand  years,  and  then  with  a 
dawning  civilization  another  race  of  ethnologists  should  arise  and 
attempt  to  classify  the  ruins  of  our  age,  thev  would  doubtless  call 
our  stage  of  development  the  "Cement  Age." 

Notwithstanding  the  fact  that  35,000,000  tons  of  iron  and 
steel  are  produced  and  used  annually,  very  little  would  he  found 
after  two  millenniums  of  barbarity  and  desolation. 

The  many  millions  of  tons  now  afloat  of  vessels  of  commerce 
and  war  would  be  completely  dissolved  and  hopelessly  dispersed  in 
the  waters  of  the  oceans.  Other  millions  of  tons  now^  used  as  rails 
binding  towns,  cities  and  nations  together  could  only  be  discovered 
by  occasional  traces  of  brown  oxide.  ^ 

While  if  in  occasional  structures  of  masonry,  iron  and  steel 
might  be  protected  from  the  elements,  it  would  only  be  where 
deeply  embedded  in  cement,  and  in  such  places  the  people  of  that 
dawning  civilization  would  seek  it  for  use  in  their  rude  arts. 

And  by  that  very  seeking  they  would  become  familiar  with  the 
vast  works  of  our  race. 

Great  piers  would  be  found  iwhere  bridges  once  crossed  the 
waters,  masses  once  serving  as  dams  would  stand  above  the  plains 
Avhere  adjoining  hills  had  crumbled  and  washed  away. 

Great  basins  now  serving  as  docks  would  suggest  bath  tubs 
of  a  giant  race,  while  great  ribbons  of  concrete  many  miles  in 
extent,  interlacing  between  massive  foundations  of  cement,  would 
reveal  to  the  explorer  the  site  of  a  cement  city ;  and  if  by  chance 
one  stone  was  found  upon  another  it  would  be  because  it  was  held 
in  the  firm  grip  of  hydraulic  cement. 


Editors  reprinting  articles  from  this  journal  are  requested  to  credit  botli 
the  JoL'RNAL  and  the  Society  before  which  such  articles  were  read. 
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DIFFICULTIES    ENCOUXTERED    IN    BUILDING    THE 

STORAGE  WELL  FOR  THE  SEWERAGE  SYS- 

TE3I  OF  CONCORD,  MASSACHUSETTS. 


Bv  Li:()XARD  Metcalf,  Associate  Member  American  Society  Civil 
Engi.xeers,  Member  Boston  Society  Civil  Engineers. 


[Presented   before   the  Boston  Society   of   Civil   Engineers  April   18,    1900. 
Illustrated  by  stereopticon  views.*] 

Ix  the  spring  of  the  year  1898  the  town  of  Concord,  jMass., 
undertook  the  construction  of  a  sewerage  system  for  the  central 
portion  of  the  town.  Plans  were  prepared  by  the  writer  for  a 
system  comprising  the  building  of  6^  miles  of  pipe  sewers,  a  stor- 
age well,  a  power  station  which  was  to  provide  room  for  the 
municipal  lighting  plant  as  well  as  for  the  sewage  pumping  plant, 
one  mile  of  lo-inch  cast  iron  force  main,  and  3.3  acres  of  sand 
filtration  beds  upon  which  to  dispose  of  the  sewage. 

The  amount  of  sewage  to  be  pumped  was  estimated  at  240,- 
000  gallons  per  twenty-four  hours  under  normal  conditions.  For 
economy  in  operation,  the  capacity  of  this  well  and  the  pumps  was 
made  such  that  the  pumping  would  be  confined  to  the  hours  oi 
running  the  municipal  lighting  plant,  thus  requiring  no  additional 
attendance  and  reducing  the  cost  of  operation.  The  sewage  pump 
was  to  be  run  by  steam  furnished  by  the  municipal  light  plant 
boilers,  at  times  of  light  load  upon  the  dynamos — in  the  early 
afternoon  and  late  night  hours — discontinuing  pumping  when  the 
light  load  was  heaviest — in  the  early  evening  hours — and  thus 
equalizing  the  work  of  the  boilers.  The  plan  also  provided  that 
later,    when    Concord    Junction    should    l)e    connected    with    the 

*Manuscript  received  March  29,  1900. — Secretary.  Ass'n  of  Eng.    Sees. 
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system,  an  additional  storage  well  should  be  built  there,  to  store 
the  day  flow  and  let  it  down  into  the  Concord  storage  well  during 
the  night,  when  the  sewage  discharge  was  a  minimum  and  the 
pumps  were  operating. 

The  storage  well  was  located  on  the  meadows  near  the  Boston 
and  Maine  Railroad  tracks,  between  Lowell  Road  and  the  Sud- 
bury River,  and  about  650  feet  from  the  latter.  This  meadow  lies 
within  the  valley  of  the  river,  but  5  feet  above  the  level  of  mean 
low  water,  and  is  submerged  by  the  spring  freshets  to  a  depth 
of  I  or  2  feet,  and  in  extreme  cases  to  a  depth  of  5  or  6  feet. 

The  conditions  governing  the  location  of  the  well  were  as 
follows:  (i)  Low  elevation,  that  the  amount  of  excavation  neces- 
sary to  obtain  storage  capacity  below  the  point  of  discharge  of  the 
trunk  sewers  leading  to  it,  and  hence  the  cost  thereof,  should  be 
as  small  as  possible;  (2)  Central  location,  that  the  length  and 
hence  the  cost  of  the  sewers  discharging  into  it  and  laid  in  deep 
cut  should  be  as  small  as  possible;  (3)  Proximity  to  the  power 
station,  on  account  of  the  sewage  pumping  machinery  located 
therein;  (4)  Proximity  to  a  railroad,  on  account  of  sidetrack  for 
coal  for  the  power  station;  (5)  Proximity  to  the  river,  on  ac- 
count of  the  necessity  for  large  quantities  of  water  for  the  municipal 
light  plant  condenser;  (6)  Proximity  to  the  filter  beds,  that  the 
amount  and  cost  of  the  cast  iron  force  main  required  should  be 
as  small  as  possible;  and  (7)  Remoteness  from  dwellings,  on  ac- 
count of  sentimental  considerations, 

A  test-pit  was  dug  on  the  site  of  the  storage  well  to  a  depth 
of  about  10  feet,  and  iron  pipes  were  driven  down  in  this  excava- 
tion to  the  depth  of  the  foundations,  to  show  the  character  of  the 
material  to  be  encountered,  and  to  enable  bidders  to  figure  in- 
telligently upon  this  structure,  which  bade  fair  to  offer  some  diffi- 
culty in  construction.  It  is  interesting  at  this  time  to  recall  the 
fact  that  several  contractors  who  had  contemplated  bidding  on 
the  work  refused  to  do  so  when  they  saw  the  nature  of  the  material 
in  which  this  well  was  to  be  built. 

The  original  design  for  the  storage  well  contemplated  a  cir- 
cular well  60  feet  in  internal  diameter,  23  feet  in  depth  to  bottom 
of  foundations,  with  24-inch  brick  walls,  inverted  segmental 
groined  arch  bottom  of  concrete,  laid  upon  a  timber  foundation; 
elliptical  groined  arch  roof  of  concrete  supported  on  24-inch  brick 
piers,  15^  feet  on  centers,  with  a  small  screen  chamber  on  the  side 
similar  to  a  manhole,  into  which  the  two  sewers  were  to  discharge 
and  from  which  the  pump  was  to  draft  its  supply.  The  capacity 
of  the  well,  up  to  Grade  97,  or  3  feet  below  low  water  in  the 
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river,  was  about  250,000  gallons.  Manholes  were  also  provided  in 
the  roof,  for  access  to  the  inside  of  the  well,  and  an  18-inch  vent 
pipe  leading-  to  the  boiler  furnaces,  with  bv-pass  in  the  chimney. 


I     Ab  Vent  Pipe  to  l>oiIer, 
iX,    furnace  and  eblinney 


AkB 


)        Sectional  Elevation   on   A  li<  1)  i:  1  <;  11 1 

General  Level  of 
bottom  of  Concrete 


Fig.  I.    Storage  Well  and  Screen  Chamber. 


Storage  Capacity,  Gr.  84. S  to    97.0  =  29,675  cu.  ft.  =  222,000  U.  S.  gallons. 
Emergency        "  "    S4.S  "  105.0  =  49,953  "    "    =373,000     " 

Capacitx  per  foot  of  depth  ■=  2,535  "    "    =    19,000     " 

Net  area  Storage  Well         =  2,515.8  scj.  ft. 

"    Screen  Chamber  =  19.2    "    " 

Ntean  Ie\  el  of  bottom  =         Gr.  S5.3 

Pier  load.— Gravel  @  100  lbs.  per  cu.  ft  =  54,390  lbs. 

Snow    @    15    "      "     "    "  =    3,263  " 
Roof  concrete  200.3  cu.  ft.  (3)  155  lbs.  =  31,047   " 

Brick  Piers  Gr.  85  to  Gr.  105  (Sy  125  lbs.         =10,000   " 

97,700  " 
=  24,675  "    per  sq.  ft 
=     12.3  tons  per  sq.  ft. 
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The  construction  of  the  storage  well  was  included  in  the  gen- 
eral contract  for  building  the  sewerage  system  awarded  to  Messrs. 
T.  W.  Kinser  &  Sons,  of  ^Boston. 

While  bidders  were  at  liberty  to  conduct  the  work  in  such 
manner  as  they  chose,  the  following  method  of  construction  was 
suggested  to  them :  the  driving  of  a  series  of  wells  around  the 
exterior  of  a  line  of  splined  and  grooved  sheeting'  surrounding 
the  storage  well,  and  the  pumping  down  of  the  ground  w^ater- 
level  or  table  to  a  plane  below  the  foundation  of  the  well.  This 
method  was  perhaps  unique  only  in  the  form  of  driven  well  re- 
quired. The  ordinary  driven  well  could  not  be  used,  as  the  ma- 
terial was  too  fine  for  the  finest  screen  and  the  amount  of  water  too 
small.  Hence  it  was  suggested  that  the  wells  be  constructed  in  the 
following  manner: 

"First  sink  a  lo-inch  casing  by  means  of  a  water  jet,  driving 
the  material  out  of  the  bore  of  the  pipe.  Remove  the  jet  pipe  and 
replace  with  a  3-  or  4-inch  screen  pipe  having  suitable  perforations 
and  centered  by  guides  to  the  bottom  of  the  casing;  and  fill  the 
space  between  the  screen  pipe  and  casing  with  moderately  fine 
sand.  Then  withdraw  the  outer  casing,  leaving  in  place  only  the 
perforated  pipe,  now  surrounded  with  moderately  fine  sand,  how- 
ever. Finally  insert  a  i^-  or  2-inch  pipe  in  the  perforated  pipe 
with  its  end  near  the  bottom  for  the  pump  suction  and  draft 
through  it.  In  this  way  it  is  believed  that  the  ground  water  may 
be  so  lowered  and  kept  down  below  the  foundations  as  to  prevent 
the  forcing  up  of  the  bottom  material  as  excavated,  and  as  to  make 
possible  the  successful  dispatch  of  the  work." 

The  method  of  construction  adopted  by  T.  W.  Kinser  &  Sons, 
to  whom  the  contract  for  the  entire  w^ork  had  been  awarded,  was 
briefly  stated,  that  of  driving  two  lines  of  sheeting  around  the  out- 
side and  inside  of  the  storage  well  wall  and  excavating  the  ma- 
terial between  them,  leaving  the  core  to  be  excavated  after  the 
completion  of  the  wall.  Six-inch  grooved  spruce  sheeting,  with  2- 
inch  splines,  was  driven  by  means  of  a  pile  driver  and  water  jet 
30  feet  in  depth  to  Grade  75,  in  a  ring  67  feet  in  internal  diameter. 
About  7  feet  inside  of  this  was  driven  a  line  of  4-inch  tongued 
and  grooved  sheeting,  22  feet  long,  on  1 1  chords  of  various 
lengths. 

The  excavation  of  the  enclosed  material  was  then  begun  Sep- 
tember I,  1898.  On  top  was  found  a  layer  of  about  2  feet  in 
thickness  of  clayey  loam  or  alluvium,  followed  by  about  5  feet 
of  sand  or  gravel;  underneath  this  a  blue  silt  of  the  finest  quality; 
similar  to  the  infusorial  earth  found  in  the  meadow  near  bv,  extend- 
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ing  to  an  unknown  depili — more  than  35  feet  below  the  surface 
of  the  ground.  This  fine  material,  when  dry,  w^as  excavated  with 
great  ease,  being  of  the  consistency  of  cheese,  but  when  wet  it 
maintained  a  uniform  level  in  the  excavation  and  was  tough  and 
rul)bery.  The  material  was  readily  excavated  to  a  depth  of  from 
15  to  17  feet,  but  thereafter  the  difificulty  increased  rapidly,  and  the 
elTort  was  made  to  sink  the  excavation  in  small  sections  by  trans- 
verse bulkheads  approximately  20  feet  apart.  Progress  was  very 
slow,  as  new  material  was  contimially  brought  up  from  the  bottom 
by  the  inflow  of  ground  water,  wdiich  was,  however,  small  in 
amount,  being  handled  from  the  greatest  depth  by  one  Edson  hand 
pump.  The  material  in  the  core  and  around  the  outside  of  the 
excavation  gradually  settled  ;  the  outside  sheeting  itself  settled,  and 
was  driven  in  at  the  bottom  until  it  occupied  the  position  that  the 
foundation  wall  itself  should  have;  and  transverse  cracks  appeared 
in  the  core  and  around  the  outside  of  the  excavation.  At  that 
point,  October  9.  work  upon  the  structure  w-as  suspended  by 
!Messrs.  T.  W.  Kinser  &  Sons,  and  the  excavation  was  allowed  to 
fill  with  water  and  remain  in  this  condition  until  November  i, 
when  the  entire  contract  was  formally  abandoned. 

The  probable  cause  of  the  failure  of  the  method  of  construc- 
tion adopted  by  the  contractors  is  not  difificult  to  trace.  Material 
of  this  kind,  when  wet,  is  reasonably  homogeneous  and  mobile, 
and  transmits  pressure  in  all  directions  in  a  similar  manner  to 
water.  It  recjuires  but  little  water  to  make  it  nm  for  a  long  time. 
Consecjuently  the  failure  of  the  method  is  to  be  ascribed  to  the 
following  facts — the  failure  to  lower  the  ground  water  level  to 
a  point  at  or  below  the  bottom  of  the  structure;  tlie  driving  of  the 
outer  line  of  sheeting  to  so  great  a  depth  below  the  foundation  for 
the  structure,  without  placing  a  hoop  around  the  outside  sheeting 
at  its  top,  when  the  only  op])ortunity  to  brace  the  sheeting  was  from 
the  inside  to  the  core  as  the  material  was  excavated,  which  left  a 
large  unlialanced  pressure  from  the  outside  at  the  bottom;  the 
bracing  of  the  outside  sheeting  to  the  inside  core,  itself  subject  to 
deformation;  and  the  driving  of  the  inner  sheeting  supporting  the 
core  to  so  small  a  depth  that  the  lower  end  was  nearly  exposed,  in 
making  the  excavation  for  the  foimdations  of  the  wall.  Thus  the 
bottom  of  the  outside  sheeting  was  driven  inward  and  the  top  out- 
ward by  the  unbalanced  forces,  while  the  sheeting  itself  settled 
locally  and  imcqually  as  the  work  was  excavated  at  various  points 
around  the  ring. 

Xo  payment  was  made  T.  W.  Kinser  &  Sons  for  this  work,  as 
the  structure  was  in  such  a  condition  as  to  make  the  final  execution 
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of  the  work  more  difficult  and  expensive  than  if  nothing  had  been 
done  upon  it. 

It  seemed  advisable  thereafter  to  separate  the  storage  well  con- 
tract from  the  other  work  remaining  to  be  done,  and  on  January 
6,  1899,  a  circular  letter  was  sent  out  to  seven  firms  of  recognized 
standing,  who  had  handled  work  of  this  character,  inviting  bids 
upon  the  construction  of  the  storage  well.  Two  alternative  de- 
signs were  proposed — one  being  the  original  design,  and  the  otheii 
that  for  a  well  of  equal  capacity,  but  of  greater  diameter,  to  clear 
the  original  excavation.  The  condition  of  the  work  was  clearly  set 
forth  in  the  call,  and  a  description  was  given  of  the  method  pur- 
sued by  the  former  contractors  and  the  probable  cause  oi  its 
failure.  The  right  was  reserved  to  pass  upon  the  method  of  con- 
struction to  be  adopted,  the  plan  originally  suggested  to  T.  W. 
Kinser  &  Sons  being  suggested  as  satisfactory  to  the  Commissioners, 
as  well  as  the  freezing  and  pneumatic  processes,  if  not  too  expensive. 

In  response  to  this  call  six  bids  were  received  on  January  26, 
1899,  as  follows: 

Proposals  for  constructing  Storage  Well  and   Screen  Chamber  lor  the 
Concord,  Mass.,  Sewerage  System,  opened  January  25,  1S99. 


AMOUNT  OF    BID. 

60^  Well.  70^  Well. 


Engineering  Contract  Co., 
15  Broad  St.,  New  York, 
successors  to  Sooysmith 
&  Co... 

Metropolitan  Contracting 
Co.  (C.  L.  Perrin  &  H.; 
H.  Carter),  95  Milk  St.,i 
Boston j 

Charles  G.  Craib,  17  Otis 
St.,  Boston 

Guy  C.  Emerson  and  Ed- 
ward A.  Clark,  170  Sum-! 
mer  St.,  Boston 


|3 I. 300  i    $34,700 


30,000 


18,935 


(Diameter 
not  stated.) 


METHOD  OF  CONSTRUCTION 
PROPOSED. 


Pneumatic  Process. 


Plenum-pneumatic    Process, 
in  a  new  location  clearing 
old  work. 
22,000  'Six-inch  spruce  piling  30  ft. 
long,  etc. 


iS,974 


Bell  &  Co.,  24  Warren  St., 
Roxbury 


Lucian  A.  Taylor,  Tremont 
BIdg.,  Boston,  and  Wor- 
cester,  Mass 


B.    F.    Smith    &    Brother, 
Boston 


17,000        17,000 


14,800        16,150 


iSheet  piling  similartopresent 
work,  or  by  wells,  as  sug- 
gested, driven  mside  of  ex- 
cavation. 

Freezing  Process,  or  two  or 
more  concentric  rows  of 
sheet  piling,  working  three 
eight-hour  shifts. 

Tubular  filter  wells  for  lower- 
ing ground  water,  as  sug- 
gested by  Sewer  Commis- 
sioners. 

Unable  to  bid,  on  account  ot 
other  work. 


T.  W.  Kinser  &  Sons,  Boston,  original  price  under  contract  for  building  the 
sewerage  system,  |7,95o. 
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The  contract  was  awarded  to  the  lowest  bidder,  Mr.  Lucian  A. 
Taylor,  of  Worcester,  and  it  is  interesting  to  note,  by  way  of  com- 
parison, that  the  original  contract  price  of  this  work  vnider  the 
Kinser  contract  had  been  $7950,  while  the  highest  bid  for  it 
out  of  the  sixteen  bids  received  on  the  sewer  work  June  22,  1898, 
was  $12,610. 

Air.  Taylor  adopted  the  method  of  construction  first  suggested 
by  Mr.  William  Wheeler,  member  American  Society  of  Civil  En- 
gineers, one  of  the  Sewer  Commissioners,  and  the  writer,  and  on 
March  10,  1899,  began  driving  the  wells  which  were  to  be  used  in 
lowering  the  ground  water.  Fourteen  wells  w^ere  driven  around 
the  outside  of  the  excavation  to  a  depth  of  about  32  to  34  feet,  and 
an  open  braced  trench  was  dug  around  the  outside  of  these  through 
the  gravel  to  the  surface  of  the  fine  material,  draining  to  two  hand 
pumps  located  on  opposite  sides  of  the  excavation.  The  wells  were 
completed  on  March  29,  a  small  pitcher  pump  being  used  on  each 
driven  well,  and  pumping  was  immediately  begun  and  continued 
night  and  day  thereafter. 

It  may  be  of  interest  to  note  that  the  sand,  used  as  a  jacket 
about  the  pump  wells  previously  described,  was  a  clean,  sharp  and 
moderately  coarse  sand.  The  analysis  of  it  made  by  the  writer 
show^ed  it  to  be  of  an  effective  size  (or  10  per  cent,  finer  than),  0.25 
mm.,  and  to  have  a  uniformity  coefficient  varying  from  2.8  to  3.4. 

On  April  26  the  excavation  was  begun,  the  core  being  exca- 
vated and  the  outside  sheeting  supported  by  a  cellular  and  fan- 
shaped  bracing.  On  May  9,  finding  that  the  fourteen  wells  did 
not  keep  the  ground  water  level  down  satisfactorily,  Mr.  Taylor 
drove  sixteen  additional  wells  inside  of  the  sheeting — half  to  a 
depth  of  27  feet,  the  other  half  to  a  depth  of  35  feet — and  pumping 
was  continued  night  and  day  from  that  time  until  about  the  first 
of  July. 

Space  forbids  a  recital  of  the  many  difficulties  encountered  in 
the  execution  of  the  work.  Suffice  it  to  say  that  on  June  10  the 
bottom  was  excavated  to  about  Grade  84 — within  a  foot  or  two 
of  the  proposed  foundation  for  the  structure.  The  outside  sheeting, 
which  had  been  left  in  such  a  deformed  condition  by  the  contractor 
the  previous  year,  continued  to  settle  so  seriously  and  unequally 
as  to  make  it  impossible  to  keep  the  bracing  of  the  structure  in 
line.  Indeed,  it  seems  highly  probable  that,  had  new  sheeting  been 
driven  in  the  beginning  by  Mr.  Taylor  and  the  old  withdrawn,  the 
work  could  have  been  executed  much  more  rapidly  and  with  far 
less  difficulty  and  expense.  On  June  15  one  of  the  loxio-inch 
yellow  pine  through  timbers  in  the  bottom  set  of  bracing  gave  way. 
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and  two  days  later  the  corresponding  timber  in  the  second  or  mid- 
dle set  failed,  and  that  of  the  third  set  bade  fair  to  follow.  It  wa? 
a  most  critical  period.  The  outside  sheeting,  which  had  come  m 
so  at  the  bottom  as  to  make  it  impossible  to  build  the  well  of  the 
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20 


Seale  of  .1le(e 


Fig.  2.     Bottom  Set  of  Storage  Well  Bracing.     Grade  85  +• 

Note. — All  braces  are  8"x8"  Spruce  unless  shown  otherwise.    Rangers  are  made  of 
2"x8"  Spruce  plank  spiked  together.     Surveys  of  June  12  and  19,  1899. 


diameter  originally  contemplated,  without  cutting  the  sheeting, 
continued  to  encroach  more  and  more  upon  the  core,  and  matters 
were  in  such  a  serious  condition  that  it  was  feared  the  entire  sys- 
tem of  sheeting  and  bracing  might  gradually  fail. 
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The  failure  of  the  storage  well  would  have  meant  not  only  the 
entire  loss  of  the  structure  to  the  contractor  and  the  consequent 
possibility  of  financial  embarrassment  to  him  on  the  rest  of  the 
contract  work,  but  a  delay  in  the  completion  of  the  sewerage  sys- 
tem of  another  six  or  even  twelve  months,  as  the  construction 
and  equipment  of  the  power  station  and  municipal  light  plant  were 
dependent  upon  the  previous  construction  of  the  storage  well. 


8      12      10      -it) 

Srnip  of  Meters 


^    ^    U 


Fig.  3.     Top  Set  ok  Stok.\gk  Well  Bkacixu.     Top  at  Grade  96. 

Note.— All  braces  are  8"xS"  Spruce  unless  shown  otherwise.  Rangers  are  made  of 
2"x8"  Spruce  plank  spiked  together.  Driven  wells  with  grade  of  bottom  shown  thus  .  Gr.  ... 
General  level  of  surface  of  ground  =  Gr.  105.0. 

At  this  i)oint  the  contractor  was  advised  to  put  in  an  addi- 
tional and  new  system  of  bracing  throughout  the  bottom,  ade- 
quately designed  to  hold  the  sheeting  against  further  encroach- 
ment into  the  well,  and  in  the  interest  of  the  immediate  completion 
of  the  work  a  reasonable  reduction  in  the  size  of  the  storage  well 
was  authorized  upon  certain  specified  terms. 
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In  order  that  every  possible  precaution  should  be  taken  to 
prevent  the  collapse  of  the  structure  at  such  an  anxious  time,  the 
writer  asked  Mr.  Howard  A.  Carson,  Chief  Engineer  of  the  Boston 
Transit  Commission,  to  come  to  Concord  to  examine  the  work. 
This  jMr.  Carson  very  kindly  did  at  some  personal  sacrifice,  and 
examined  the  work  carefully.  He  expressed  the  opinion  that  in 
material  of  this  character  the  failure,  if  it  should  occur,  would 
not  come  about  suddenly,  but  gradually,  and  suggested  that  if 
the  storage  well  could  be  somewhat  reduced  in  size  it  might  be 
possible  to  save  the  work  which  had  been  done,  by  depositing  con- 
crete on  the  bottom  of  the  excavation  to  stiffen  the  bracing,  and  by 
making  certain  additions  to  the  bracing.  Mr.  Carson  also  kindly 
passed  judgment  upon  the  thickness  of  the  walls  of  the  chamber  as 
designed,  and  pronounced  them  adequate  and  satisfactory.  Steps 
were  immediately  taken  to  modify  and  strengthen  the  bracing,  and 
concrete  was  deposited  in  the  bottom  of  the  excavation.  This  con- 
crete materially  increased  the  thickness  of  the  bottom  of  the  storage 
well,  requiring  about  two  hundred  additional  barrels  of  cement, 
furnished  by  the  contractor,  but  was  undoubtedly  the  salvation 
of  the  structure. 

A  layer  of  screened  gravel  was  first  placed  upon  the  surface. 
Sectional  platforms  of  3-inch  tongued  and  grooved  spruce,  covered 
with  2-inch  tongued  and  grooved  spruce  laid  at  right  angles  and 
thoroughly  spiked  thereto,  were  cut  in  between  the  lower  set  of 
bracing  timbers,  resting  upon  the  gravel.  On  these  was  deposited 
the  first  layer  of  concrete,  pumping  being  continued  until  the  con- 
crete had  thoroughly  set,  the  water  coursing  underneath  the  plat- 
forms and  along  the  lines  of  timber  between  the  blocks  of  concrete. 
As  the  water  pumped  by  the  pulsometer  pump  carried  about  9 
per  cent,  of  silt,  some  settlement  of  the  platforms  resulted,  but 
not  sufificient  to  cause  serious  trouble.  The  bracing  timbers  were 
thereafter  cut  out  from  between  the  blocks  of  concrete  and  re- 
placed with  concrete. 

On  this  first  layer  of  concrete,  which  was  considered  merely 
as  a  substitute  for  the  continuous  timber  platform  called  for  in  the 
original  design,  was  placed  the  concrete  floor  of  the  inverted  para- 
bolic groined  arches.  As  the  wall  was  built  up  upon  this  concrete 
base,  the  water  was  allowed  to  stand  in  the  inside  as  well  as  on 
the  outside  of  the  structure,  in  order  to  equalize  the  pressure  and  do 
away  with  the  necessity  for  further  pumping,  not  only  on  account 
of  the  expense  thereof,  but  also  on  account  of  the  danger  of  future 
settlement  resulting  therefrom.  It  is  interesting  to  note  that  in 
two  cases  where  small  horizontal  cracks  had  opened  in  the  brick 
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wall  when  first  laid,  they  closed  as  the  height  of  the  wall  and  the 
load  upon  the  structure  increased. 

Thereafter  the  work  upon  the  masonry  progressed  slowly  but 
satisfactorily,  the  concrete  floor  invert  being  finished  July  12,  the 
brick  walls  August  16  and  the  roof  concrete  September  19. 

Mr.  Taylor  gave  his  personal  supervision  to  this  w^ork  from 
time  to  time,  particularly  during  the  dangerous  period  in  the  early 
part  of  June,  and  he  deserves  great  credit  for  the  manner  in  which 
the  work  was  executed. 


Fig.  4.     Well  Driving,  jNIay  9,  1899. 


A  record  was  kept  of  the  amount  of  water  pumped  from  the 
wells  and  the  trench  around  the  outside  of  the  storage  well  during 
the  latter  part  of  April,  May  and  the  early  part  of  June.  The 
results,  however,  are  only  approximate,  as  the  measurement  of  the 
water  pumped  from  the  wells  was  made  by  counting  the  number 
of  buckets  of  water  pumped  during  the  day  and  night,  while  that 
from  the  trench  was  measured  by  taking  readings  from  time  to  time 
with  small  \'-shaped  and  rectangular  weirs.  They  are  interesting, 
however,  as  giving  an  idea  of  the  amount  of  water  which  even  so 
fine  a  material  as  that  can  pass. 
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U.  S.   GALLONS  OF  WATER   PUMPED   PER  24  HOURS  FROM 
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*Low  water  =  Gr.  loo.o. 

April  21 

23,300 

33,700 

951 

639 

58,600 

104.7 

Pumping  from  9  wells  only. 
f     "           "9    "     in  a.  m. 
I     '"            "     14     "     in  p.m. 
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"  28 
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3,445 
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103.5 

"  29 
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30,700 

3.25q 

3,079 

43.200 

103.3 

,,"  30 

6,200 

27,000 

3.143 

3.032 

39.400 

103.2 

May    I 

6,200 

25,900 

3,273 

3.034 

38,400 

103.1 

0.02 
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6,200 

25.900 

3,318 

3,376 

38,800 
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25.300 

3.387 
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40,100 
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"       6 

8,200 

24,900 

Slopped 

Stopped 

33.100 

102.4 

"      7 
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24,900 

pumpiug 

pumpinfi; 

33.400 

102.3 

"       8 

8,500 

24,900 

for  a  few 
davs. 

for  a  few 
dajs. 

33,400 

102.2 

Hereafter  the  16  driven  wells  in  the  main  excavation  were  made  to  discharge  into  a  trough 
leading  to  a  tub  from  which  the  water  was  pumped  to  the  surface  by  an  Edson  pump.  The  14 
driven  wells  around  the  outside  of  the  sheeting  discharged  into  the  external  drain  or  trench. 


May  19 

12,600 

25.800 

38,400 
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0.04 
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0.04 
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*May  21,  0.14"  rainfall. 
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May  28,  o.io"  rainfall. 

June     1 

14,400 

18,600 
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"     29,  0.04" 

"      2 

14,400 
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June  7,  0.17"  rainfall. 

9 

•'     S,  0.31" 

Surface  of  Ground,  Gr.  105.0 

Low  Water  in  Sudbury  River,  Gr.  100.0 

Bottom  of  Excavation,  Gr.  83.0  Approx. 


Total  Rainfall,  January, 

3.02" 

"          February, 

3.47" 

"          March, 

3.98" 

April 

1.50" 

May. 

0.97" 

lune. 

4.11" 

Iiily, 

3-36" 

"             "          August, 

3-07" 

September 

4.01" 

October, 

1.63" 

November 

2.4g" 

December, 

1.72" 

Total  1899,        33-33" 


While  grave  difficulties  were  encountered  in  the  construction 
of  this  work,  in  spite  of  the  method  of  building  adopted,  it  is  be- 
lieved that  they  were  primarily  due  to  the  condition  of  the  sheeting 
at  the  inception  of  the  work  in  the  year  1899.  This  irregularity 
of  the  sheeting  prevented  the  proper  bracing  of  the  structure  and 
resulted  in  its  deformation,  due  to  unequal  settlement,  to  such  an 
extent  as  nearly  to  bring  about  the  total  collapse  of  the  work. 
It  is  true  that  the  ground  water  was  never  lowered  quite  to  the 
bottom  of  the  excavation,  but  this  was  probably  due  more  to  the 
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form  of  pumps  used  and  the  spacing  of  the  driven  wells  than 
to  any  inherent  defect  in  the  method  pursued.  However,  the 
ground  water  was  lowered  within  a  distance  of  a  few  feet  at  most 
above  the  bottom  of  the  excavation,  and  both  the  contractor  and 
the  writer  feel  certain  that  without  the  use  of  the  driven  wells  the 
execution  of  the  work  would  have  been  physically  impossible,  ex- 
cept by  some  such  method  as  the  pneumatic  or  freezing  processes. 
The  storage  well  as  finally  built  has  an  internal  diameter  of 
57  feet,  with  a  storage  capacity  in  the  well  itself  up  to  Grade  97, 


MiiK  \i.i    \\  i;i 


May  20,  1899. 


the  assumed  high-water  level  to  which  the  sewage  is  backed  up 
into  the  trunk  line  for  a  distance  of  about  3000  feet  across  the 
meadows,  of  222,000  gallons;  brick  walls  24  inches  in  thickness 
reduced  to  20  inches  in  the  last  10  feet,  vertically;  an  inverted  para- 
bolic groined  arch  bottom  of  concrete  of  12  feet  9  inches  span,  i 
foot  rise,  and  varying,  as  previously  described,  from  2  to  3  feet  in 
thickness  (nominally  i  foot  at  the  invert  crown);  and  an  elliptical 
groined  arch  roof  of  concrete  of  12  feet  9  inches  span  and  3  feet 
rise,  supported  on  24-inch  brick  piers  14  feet  9  inches  on  centers. 
The  roof  concrete  is  6  inches  in  thickness  at  the  crown,  the  space 
over  the  piers  being  filled  in  and  giving  a  horizontal  plane  surface 
to  the  top  of  the  masonry. 
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The  total  combined  capacity  of  the  storage  well,  screen  cham- 
ber and  trunk  sewers  is  as  follows: 

GALLONS. 

Up  to  Grade  92.5,  the  invert  of  the  12-inch  trunk  sewer 138,000 

To  Grade  97,  the  contemplated  ordinary  high  sewage  level 242,000 

To  Grade  100,  mean  low  water  in  the  Sudbury  River 319,000 

The  concrete  in  the  floor  and  the  roof  was  made  of  Atlas  Port- 
land cement  and  screened  gravel,  mixed  in  the  proportions  of 
I  part  of  cement  to  2  parts  of  sand  to  5  parts  of  gravel.  The  brick 
walls  were  built  of  hard  burned  sewer  brick,  laid  in  Atlas  Portland 
cement  mortar,  mixed  i  part  of  cement  to  2  parts  of  sand ;  plas- 
tered outside  with  a  ^-inch  layer  of  Portland  cement  mortar  mixed 
i:  I  and  thoroughly  troweled;  and  inside  with  a  grout  of  the  same 
laid  on  with  a  plasterer's  brush. 

The  contract  cost  of  the  storage  well  to  the  town,  exclusive 
of  cement,  was  $14,800;  the  total  cost,  including  ironwork, 
cement,  etc.,  but  exclusive  of  engineering,  being  $16,955.46.  Thet 
estimated  cost  to  the  contractor  of  the  storage  well  floor  was  $0.74 
per  square  foot;  of  the  brick  walls  $11.17  P^^"  cubic  yard,  including 
the  cost  of  cement;  and  of  the  roof,  $0.38^  per  square  foot.  The 
average  thickness  of  the  roof  concrete,  as  figured  from  formulae 
deduced  by  the  writer  (see  "The  Groined  Arch  as  a  Covering  for 
Reservoirs  and  Sand  Filters;  Its  Strength  and  Volume,"  Pro- 
ceedings of  the  American  Society  of  Civil  Engineers  for  May, 
1899),  was  0.92  foot. 

Mr.  Taylor  estimated  his  loss  upon  the  storage  well  contract 
as  something  over  $2000,  making  the  total  cost  to  him  $16,- 
800,  due  primarily  to  the  length  of  time  required  for  building 
the  structure  and  the  resulting  high  cost  of  pumping,  which  had  to 
be  done  by  hand  and  which  was  continued  night  and  day  horn 
about  April  i  to  July  i,  1899. 

The  work  is  therefore  the  more  creditable  to  Mr.  Taylor,  as, 
in  spite  of  the  great  difificulties  of  construction,  cost  and  time  re- 
quired, the  structure  stands  to-day  complete,  secure  and  well 
built. 

DISCUSSION. 

Mr.  Lucian  a.  Taylor. — Mr.  Metcalf,  in  his  very  interesting 
account,  has  pretty  fully  covered  the  essential  features  of  the  con- 
struction of  the  storage  well  at  Concord.  There  are,  however,  some 
points  to  which  I  desire  to  call  attention. 

First  of  all,  I  will  say  I  had  great  faith  in  the  efflciency  of  the 
driven  wells  surrounded  by  filtering  material  to  lower  the  ground 
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water.  It  was  at  first  suggested  to  drive  ten  of  these  wells.  How- 
ever, I  did  drive  fourteen.  After  using  these  wells  for  a  while  I 
discovered  they  were  not  lowering  the  ground  water,  although  we 
were  pumping  perfectly  clear  water  and  more  in  quantity  than  I 
had  supposed  we  should  be  able  to.  However,  the  supply  still  con- 
tinued, and  I  drove  sixteen  additional  wells,  as  stated  by  Mr.  Met- 
calf.  From  these  also  the  filtration  was  perfect,  and  we  pumped 
perfectly  clear  water  from  them  until  the  excavation  was  at  such  a 
depth  that  the  strainers  were  exposed  in  some  cases.     When  the 


I'll,.  '1.     Storage  Well  Bracing,  June  10,  1899. 

wells  outside  the  excavation  were  no  longer  needed,  the  pipes  were 
drawn  from  the  ground.  This  was  found  to  be  very  difficult  work, 
and  most  of  the  strainers  were  left  in  the  ground.  The  difficulty 
was  owing  to  the  movement  of  the  ground  toward  the  excavation, 
even  at  the  depth  of  32  or  33  feet  below  the  original  surface.  The 
ends  of  the  strainers  were  carried  toward  the  center  of  the  excava- 
tion. Some  that  were  withdrawn  curved  from  25°  to  45°,  and, 
from  indications  of  the  broken  ones,  the  deflection  must  have  been 
nearly  90°.  In  other  words,  the  end  suction  pipe  must  have  been 
very  nearly  horizontal.  Repeatedly,  strains  of  10  tons  were  re- 
quired to  pull  the  pipes. 

It  was  the  intention  to  have  3-inch  strainers  on  all  the  wells, 
but  only  a  few  of  these  could  be  procured,  and  about  one-half  the 
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first  set  of  wells  had  2^-inch  strainers.  INIost  of  the  strainers  for 
the  sixteen  wells  last  driven  had  2-inch  strainers.  In  all  cases  they 
were  in  two  pieces,  or  3  to  3^  feet  in  length. 

The  pipes  attached  to  the  pumps  were  nearly  all  i-|  inches  in 
diameter.  Some,  however,  were  only  i  inch  in  diameter.  So  far 
as  could  be  observed,  there  was  no  material  difference  in  the  quan- 
tity of  water  obtained  from  the  different  wells,  although  the  3-inch 
strainers  undoubtedly  did  give  an  additional  quantity. 

As  an  illustration  of  the  difficulty  of  lowering  the  ground 
water,  I  will  state  that  in  excavating  the  inner  core,  after  the  water 
in  the  trench  had  been  lowered  for  a  month,  it  was  found  that  the 
quicksand  one  foot  below  its  surface  was  very  wet  and  shaky, 
although  10  feet  above  the  level  of  the  bottom  of  the  trench.  The 
inner  sheet  piling,  although  quite  irregular,  was,  nevertheless, 
practically  tight  and  retained  the  water  in  the  inner  core.  A  test 
pipe,  driven  in  the  center,  showed  the  water  level  with  the  top  of 
the  quicksand. 

In  the  timbering  of  the  structure  the  braces  were  strengthened 
very  materially  by  spiking  planks  on  two  or  three  sides  of  the 
timbers,  thus  making  many  of  the  10  x  lo-inch  timbers  13  x  14  or 
16  inches,  and  the  8-inch  timbers  8x12  and  10  x  12  inches.  Great 
difficulty  was  experienced  in  fitting  the  rangers,  which  were  from 
7  to  y\  feet  in  length,  to  the  outside  sheeting,  owing  to  its  great 
irregularity,  especially  with  the  lower  set  of  timbers.  Some  of  the 
sheeting  was  broken  ofif,  and  in  some  cases  one  plank  was  entirely 
l)ehind  or  in  front  of  the  others.  After  the  braces  and  rangers  were 
in  place,  blocks  were  driven  between  the  back  side  of  the  rangers 
and  the  sheeting.  Often  there  was  between  the  rangers  and  the 
sheeting  a  space  of  7  and  8  inches  which  had  to  be  filled  in  this  way. 

It  was  quite  difficult  to  place  the  heavy  timbers  in  position  in 
the  second  and  third  sets  of  bracing,  as  there  was  no  way  to  get 
long  timbers  between  the  bracing  of  the  upper  set.  The  main  ran- 
gers were  cut  in  three  pieces,  and  afterward  the  joints  were  heavily 
reinforced.  In  spite  of  all  precautions,  at  two  or  three  different 
points  the  outside  sheeting  encroached  considerably.  At  two  points 
an  excavation  was  made  on  the  outside  of*the  sheeting,  and  the  6- 
inch  sheeting  then  cut  away  to  make  room  for  the  brick  wall.  It 
would  undoubtedly  have  been  better  if  the  surface  drain  had  been 
placed  much  farther  away  from  the  excavation,  say  30  feet  or  more. 
As  it  was,  after  a  time  the  trench  became  involved  in  the  general 
settlement,  and  at  last  had  to  be  abandoned,  as  it  was  inoperative, 
the  bottom  of  the  trench  having  settled  so  much  as  to  make  it  use- 
less.    Before  this  occurred  it  was  a  source  of  constant  troulile  to 
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keep  the  trcncli  in  proper  condition  to  carry  the  water  from  the 
pumps  and  the  surface  soil  to  the  pump  well.  Every  day,  and 
sometimes  twice  a  day,  the  bracin,^'  had  to  be  remodeled  to  a  greater 
or  less  extent.  The  entire  settlement  of  the  sheeting  was  about  6 
feet,  and  this  involved  also  a  distance  of  about  20  feet  outside  the 
line  of  the  sheet  piling.  The  lower  set  of  bracing,  which  I  had 
designed  to  be  about  4  feet  above  the  bottom  of  the  excavation,  was 
in  greater  part  carried  below  the  bottom  of  the  foundation,  owing 
partly  to  its  failure  in  the  center  and  also  to  the  settlement  of  the 
entire  structure.     All  efforts  to  bring  the  lower  set  of  timbering  to 
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proper  place  were  useless,  and  it  was  largely  reconstructed  with 
new  timbers,  (juite  a  quantity  of  16  x  16-inch  hard  pine  timbers 
being  used.  Almost  the  entire  lower  set  of  bracing,  with  some 
jack-screws,  are  now  buried  below  the  bottom  of  the  well.  The 
failure  of  the  lower  set  of  bracing  also  involved,  to  a  certain  extent, 
the  second  or  middle  set.  but  not  to  so  serious  an  extent.  For- 
tunately, the  four  trusses  to  sustain  the  upper  set  of  bracing,  held, 
although  they  required  constant  attention.  Often  during  the 
twenty-four  hours  there  was  a  difference  in  level  of  the  different 
parts  of  the  structure  of  12  to  18  inches,  and  at  one  time  one  por- 
tion of  the  sheeting  went  down  2  feet  or  more  in  twenty-four  hours. 
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This  variation  and  deflection  of  the  outside  timbering  of  course 
brought  great  stresses  upon  the  rangers  of  the  entire  interior  brac- 
ing. None  of  the  8  x  8-inch  spruce  braces  failed,  as  they  were  inde- 
pendent each  of  the  other,  and  only  took  direct  thrust  which  they 
withstood.  The  6-inch  piHng  was  in  very  much  worse  condition 
than  was  supposed,  especially  near  the  bottom  of  the  excavation. 

It  is  quite  probable  that,  with  an  entire  new  set  of  sheeting 
properly  driven,  the  well  would  have  been  constructed  at  less 
expense,  notwithstanding  the  extra  cost  of  the  sheeting.     The  time 


Fig.  8.     \'ii:\v  of  Gkuixku  Concrete  Ruuf,  Seitember  23,  1899. 

required  to  put  the  bracing  in  place,  and  also  to  keep  it  in  condition, 
increased  the  cost  of  pumping  to  a  very  great  extent.  The  mere 
excavation  of  material  was  comparatively  a  small  part  of  the 
expense. 

Mr.  Thomas  F.  Richardson  (by  letter). — In  September, 
1898,  the  Metropolitan  Water  Board  began  the  construction  of  a 
storage  reservoir  for  sewage,  this  reservoir  being  part  of  the  works 
for  diverting  the  sewage  of  the  town  of  Clinton,  Mass.,  from  the 
Nashua  River.  The  reservoir  is  in  the  northern  part  of  Clinton, 
and  is  located  on  the  bottom  land,  about  120  feet  from  the  south 
bank  of  the  Nashua  River. 

The  conditions  encountered  appear  to  be  almost  identical  with 
those  found  at  Concord,  and  described  by  Mr.  Metcalf  in  his  inter- 
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esting'  paper, — namely,  a  plentiful  supply  of  water  and  very  fine 
material. 

The  Clinton  reservoir  is  circular,  and  similar  in  design  to  the 
one  built  for  the  town  of  Concord,  but  considerably  larger,  the 
diameter  being  100  feet,  with  a  capacity  of  669,100  gallons  below 
the  overflow,  which  is  about  1.5  feet  above  mean  low  water  in  the 
river. 
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The  bottom  consists  of  inverted  segmental  groined  arches  of 
concrete,  which  rest  on  a  light  platform  built  of  two  thicknesses  of 
i-inch  boards  fastened  to  3  x  4-mch  sills.  The  lower  board  is 
plain,  and  rests  on  about  3  inches  of  coarse  sharp  sand ;  but  the 
upper  board  is  fluted  on  its  lower  side,  having  small  semicircular 
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channels  i^  inches  apart  and  i  inch  in  diameter.  These  channels 
connect  with  wooden  box  drains,  which  run  at  right  angles  to  the 
boards  and  parallel  with  the  sills,  and  are  placed  at  frequent  inter- 
vals under  the  bottom  of  the  reservoir.  This  style  of  platform  pro- 
vides very  efficient  drainage  for  the  concrete,  and  the  cost  is  small. 

The  elliptical  groined  arch  roof  of  concrete  is  supported  by 
brick  piers  2  feet  in  section  and  14.57  ^^^t  apart. 

On  the  north  side  of  the  reservoir  are  double  pump  wells,  each 
rabout  9  x  10  feet,  the  circular  wall  of  the  reservoir  forming  one  side 
'of  the  pump  wells,  the  bottoms  of  which  are  3  feet  6  inches  below 
the  bottom  of  the  reservoir. 

Following  are  various  elevations  : 

Mean  low  water  in  Nashua  River 245.2 

High  water,  February  13,   1900 251.7 

Surface  of  ground  at  reservoir 249.0 

Top  of  fine  sand  at  reservoir 239.0 

Bottom  of  reservoir  masonry    233.5 

Bottom  of   pump   well   masonry 229.7 

Top  of  refilling  over  reservoir 253.8 

The  material  encountered  was  similar  to  that  found  at  Con- 
cord. At  the  surface  was  about  3  feet  of  soil  and  subsoil,  followed 
by  about  7  feet  of  clean  gravel  or  sharp  sand.  Underneath  this, 
for  at  least  40  feet,  was  a  tine  blue  silt,  much  of  which  had  no 
appreciable  grain  and  appeared  like  wet  clay  to  the  touch. 

The  specifications,  which  were  a  part  of  the  contract,  provided 
that  the  contractor  should  adopt  the  following  methods  for  doing 
the  work : 

"methods  of  excavating  for  the  reservoir  and  pump  wheels. 

"The  borings  indicate  that  the  bottom  of  the  gravel  and  the  top 
of  the  fine  sand  at  the  site  of  the  reservoir  and  pump'  wells  are 
approximately  at  elevation  239.  The  contractor  shall,  if  feasible, 
excavate  all  material  above  elevation  241,  with  slopes  of  one  hori- 
zontal to  one  vertical ;  said  slopes  to  start  from  the  outside  of  the 
bottom  of  the  masonry.  After  the  material,  or  so  much  of  it  as  the 
engineer  may  direct,  has  been  excavated  to  these  limits,  the  con- 
tractor shall  excavate  for  the  pump  wells,  protecting  the  excavation 
with  close  sheeting  and  Ijracing.  After  the  masonry  of  the  pump 
wells  has  been  raised  2  feet  above  the  bottom  of  the  inside  of  the 
wells,  he  shall  proceed  to  excavate  a  trench  of  such  width  as  the 
engineer  shall  direct,  for  building  tlie  outside  wall  of  the  reservoir, 
starting  at  the  pump  well  and  thoroughly  supporting  the  material 
at  the  sides  by  close  sheeting  and  bracing.  The  excavation  of  the 
earth  inside  of  the  wall  of  the  reservoir  shall  not  be  continued  until 
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the  wall  has  been  built  to  a  height  of  at  least  5  feet.  Care  must  be 
taken  to  have  all  sheeting  tight,  and  driven  far  enough  below  the 
bottom  of  the  excavation  to  prevent  the  admission  of  sand.  The 
method  of  construction  above  indicated  can  be  changed  only  with 
the  written  permission  of  the  engineer." 

The  contractors,  Owen  Cunningham  &  Son,  followed  out  the 
rcfiuirements  of  the  contract  and  excavated  the  material  to  elevation 
241.  or  al)out  2  feet  above  the  fine  sand,  the  work  being  done  with 
carts.  The  close  sheeting  for  the  pump  wells  was  then  started. 
The  outside  dimensions  of  the  pump  well  masonry  were  about  18 
X  2^  feet,  and  the  sheeting  was  laid  out  for  an  excavation  20  x  31 
feet,  a  4  X  4-foot  sump,  which  was  also  sheeted,  being  excavated  at 
one  end.  Two-inch  spruce  plank  witliout  tongues  or  splines  was 
used  for  sheeting,  and  was  very  thoroughly  braced  by  8  x  8-inch 
timbers,  additional  bracing  being  placed  as  the  excavation  pro- 
gressed, so  that  the  l)racing  was  very  close  to  the  bottom  of  the  exca- 
vation. The  sheeting  was  driven  by  hand  with  wooden  beetles,  and 
was  kept  3  or  4  feet  below  the  bottom  of  the  excavation.  When 
the  excavation  had  very  nearly  reached  the  bottom  a  second  row  of 
sheeting  was  driven  inside  of  the  other  sheeting.  After  the  exca- 
vation was  finished,  a  light  board  platform,  the  same  as  used  in  the 
reservoir,  was  placed,  and  the  concrete  of  the  pump  wells  built  to 
2  feet  above  the  bottom  of  the  wells,  and  the  contractors"  pump  was 
moved  so  as  to  use  the  partially  constructed  pump  wells  as  a  sump. 
A  start  was  then  made  at  both  sides  of  the  pump  wells  on  the 
trench,  about  7  feet  wide,  for  the  outside  wall  of  the  reservoir. 
Two-inch  plank  was  again  used  for  sheeting,  and  the  material  in  the 
trench  was  excavated  to  grade  in  sections  about  20  to  30  feet  long ; 
and  as  soon  as  the  excavation  of  a  section  was  finished  the  light 
board  platform  was  put  in  place  and  braced  to  the  sheeting.  At  the 
outer  end  of  the  boards  of  this  platform,  the  boards  being  laid  in 
radial  lines,  and  outside  of  the  masonry,  a  4  x  8-inch  wooden  box 
drain  was  provided  which  connected  with  the  fluted  boards,  inter- 
cepting and  conducting  the  water  to  the  pump  wells. 

The  contractor  began  to  build  the  concrete  ring  wall  of  the 
reservoir  when  about  one-half  of  the  platform  had  been  put  in 
place,  starting  close  to  the  pump  wells.  As  soon  as  the  ring  wall 
was  completed  to  elevation  239  or  240  the  trench  on  the  outside  was 
refilled  to  the  top  of  the  wall  and  the  sheeting  removed,  when  the 
excavation  of  the  material  on  the  inside  was  commenced.  This 
material  was  comparatively  dry,  and  was  handled  without  difftculty. 

\\  hen  the  location  of  the  reservoir  was  selected  it  was  evident 
that  there  would  be  considerable  water  to  handle  in  building  it,  and 
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the  wash  drill  borings  showed  the  underlying  material  to  be  very 
fine  and  without  doubt  difficult  to  handle  unless  properly  drained. 
The  system  of  drainage  adopted  proved  very  efficient,  and  none  of 
the  excavation  was  difficult  except  that  for  the  pump  wells,  where 
some  trouble  was  encountered  in  properly  draining  the  consider- 
able area  inclosed  within  the  sheeting  during  the  progress  of  the 
excavation. 

The  work  done  with  carts  above  elevation  241  having  been 
excavated  to  slopes  of  i  to  i,  starting  from  the  outside  of  the  bot- 
tom of  the  masonry,  there  was  a  berm  outside  of  the  sheeting  about 
10  feet  wide  at  the  pump  wells  and  about  6  feet  around  the  reser- 
voir. This  method  of  doing  the  work  caused  the  handling  of  con- 
siderable extra  material,  both  in  excavation  and  refill,  but  it  was 
material  cheaply  handled  and  the  load  on  the  sheeting  was  consider- 
ably lessened,  making  it  possible  to  use  light  plank  driven  by  hand. 

No  masonry  was  at  any  time  laid  in  water,  and  the  fine  material 
under  the  reservoir  was  hard  and  could  be  readily  walked  upon, 
showing  it  to  be  thoroughly  drained. 

No  record  was  kept  of  the  amount  of  water  pumped,  but  before 
the  ring  wall  was  built  and  the  back  filling  made  a  6-inch  centrifugal 
pump  was  worked  nearly  to  its  capacity  night  and  day.  After  the 
ring  wall  was  completed  and  the  back  filling  made  a  4-inch  centrif- 
ugal pump  handled  the  water,  working  to  about  half  of  its  capacity. 
The  water  pumped  was  practically  free  from  silt,  except  during  the 
excavating  of  the  pump  wells. 

The  excavating  of  the  material  at  the  reservoir  cost  the  con- 
tractors about  55  cents  per  cubic  yard,  which  includes  the  cost  of 
lumber,  pumping,  etc.  The  whole  cost  of  the  reservoir,  not  includ- 
ing iron  work  or  engineering,  was  $14,987.  This  includes  the  cost 
of  cement  and  all  other  materials  except  iron  work. 
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[Ro.ul  before  the  Club  IMarch  7.  1900.*] 

TiiK  subject  of  tlie  hydraulic  dredges  built  for  the  Mississippi 
River  Commission  has  received  pretty  thorough  discussion  since 
the  inception  of  the  project  by  Col.  Henry  Flad  some  eight  or  nine 
years  ago.  The  writer  does  not  purpose  giving  a  historical  discus- 
sion of  various  schemes  for  dredging  the  river,  or  a  description  of 
the  dredges  themselves,  as  that  part  of  the  subject  has  been  thor- 
oughly exhausted  in  the  paper  presented  before  the  American 
Society  of  Civil  Engineers  by  J.  A.  Ockerson.j 

The  writer  has  thought  that  the  relation  of  some  experiences 
in  the  operation,  the  metliods.  the  results  obtained  and  the  repairs 
made  necessary  through  wear  in  operation  might  prove  of  interest, 
and  possibly  of  some  value  to  those  interested  in  the  subject. 

During  the  temporar}-  absence,  from  July,  1898,  to  ]\Iay,  1899, 
of  Mr.  C.  W.  Sturtevant,  who  was  commissioned  as  captain  in  the 
Third  Regiment  of  \'olunteer  Engineers,  the  writer  was  in  charge 
of  dredging  operations  under  the  Mississippi  River  Commission  a's 
"superintendent  of  dredging." 

During  the  season  of  1898  the  dredging  plant  consisted  of  six 
dredges,  the  "Alpha,"  the  "Beta,"  the  "Gamma,"  the  "Delta."  the 
"Epsilon"  and  the  "Zeta."  The  "Beta"  was,  however,  undergoing 
extensive  alterations,  and  was  not  in  commission  during  the  season. 

Each  dredge  while  in  commission  was  accompanied  by  a  tow- 
boat,  a  pile  driver,  a  plunder  barge  and  a  coal  barge.  In  addition, 
there  were  connected  with  dredging  operations  three  survey  parties, 
each  quartered  on  a  steamboat,  and  an  inspection  boat.  The  entire 
fleet  in  operation  during  the  season  consisted  of  five  dredges,  nine 
steamboats,  five  i)ile  drivers  and  the  necessary  liarges  and  fuel  boats. 

ORGANIZATION'. 

The  organization  was  as  follows:  The  dredging  operations 
are  carried  on  mider  the  direction  of  the  Secretary  of  the  Mississippi 
River  Commission,  who  is  also  the  disbursing  officer  and  has  an 
office  in  St.  Louis. 

The  fleet  was  in  direct  charge  of  a  su])erintendent  of  dredg- 
ing, who  determined  on  the  localities  to  be  dredged  and  the  disposi- 

*Manuscript  received  May  24.  1900. — Secretary.  Ass'n  of  Eng.  Socs. 
fTrans.  Am.  Soc.  C.  E..  Vol.  XL,  December.  1898. 
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tion  of  the  various  dredges,  ordinarily  located  the  cuts  to  be  made 
at  each  point  and  in  general  had  the  responsible  charge  and  super- 
vision of  the  operation  of  the  fleet.  The  routine  office  and  clerical 
work,  which  in  itself  is  no  small  matter  in  connection  with  opera- 
tions of  this  magnitude,  passed  through  his  hands.  A  suitable  boat 
was  furnished  for  his  use,  and  he  was  constantly  passing  over  the 
river,  sounding  all  crossings,  keeping  himself  fully  informed  as  to 
the  condition  of  the  channel  and  directing  the  operation  of  the 
dredges. 

SUR\'EVS. 

The  river  below  Cairo  (and  the  operations  of  the  dredges  under 
discussion  are  confined  to  that  portion  of  the  river )  is  divided  into 
three  districts.  The  first  two  have  a  length  of  about  lOO  miles,  and 
the  third  extends,  from  the  lower  limits  of  the  second,  down  stream 
as  far  as  dredging  was  necessary.  In  1898  this  limit  was  Wilson's 
Point,  La.,  531  miles  below  Cairo. 

To  each  of  these  districts  was  assigned  a  survey  party,  whose 
duty  it  was,  at  the  beginning  of  the  season,  to  make  surveys  of  all 
crossings  likely  to  become  troublesome.  These  surveys  are  re- 
peated at  those  points  where  trouble  develops.  On  the  maps  of 
the  results  of  these  surveys  was  laid  out  the  location  of  the  channel 
proposed  to  be  dredged.  Surveys  are  made  during  dredging  opera- 
tions, and  at  various  times  after  the  work  is  completed. 

The  surveys  are  accurately  made,  but  with  experienced  men 
they  are  made  very  rapidly.  They  are  of  the  utmost  importance, 
as  without  them  no  intelligent  knowledge  of  conditions  governing 
the  location  of  cuts  or  of  results  obtained,  except  in  a  most  general 
way,  could  be  had. 

It  frequently  happened  that  at  points  where  shoal  crossings  had 
been  reported  by  pilots  these  surveys  showed  the  existence  of  bet- 
ter channels  than  those  in  use  by  steamboats,  and  that  dredging  was 
unnecessary. 

Each  party  consisted  of  the  engineer  in  charge,  two  recorders 
and  the  necessary  boat  crew. 

Each  dredge  was  in  charge  of  a  master,  and  carried  a  mate, 
carpenter,  machinist,  blacksmith,  recorder,  clerk  and  steward,  two 
engineers  and  a  double  crew.  The  total  number,  amounting  to 
about  fifty  men,  were  quartered  and  subsisted  on  the  dredge  itself. 
The  duties  of  all  are  indicated  sufficiently  by  their  names,  except 
possil)ly  the  recorder.  He  was  usually  a  young  man  of  some  engi- 
neering education  or  training,  and  upon  him  devolved  the  duty  of 
keeping  the  records  of  operation  and  the  making  of  reports.  He 
located,  by  means  of  sextant  angles,  the  position  of  the  dredge  at 
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the  beginning'  and  end  of  cacli  cut,  and  they  were  plotted  on  the 
maps  furnished  by  the  survey  parties.  The  dredges  were  operated 
twenty- four  hours  per  day,  the  division  of  time  to  each  crew  being 
the  same  as  that  usual  on  river  steamlioats.  Records  are  kept  of 
soundings  taken  at  every  25  feet  advance,  ahead  of  the  dredge,  on 
each  side  and  at  the  stern.  Daily  reports  are  made  showing  the 
number,  length  and  average  depth  of  cuts  made,  average  rate  of 
advance  per  hour,  average  steam  pressure  and  average  speed  of 
pumps ;  also  a  distribution  of  time  into  placing  plant,  dredging, 
changing  cuts,  repairs,  making  up  tow-  and  towing  and  "waiting 
orders"  if  not  in  actual  operation  dredging.  The  tow-boats  accom- 
panying each  dredge  carry  only  a  single  crew.  In  1898  five  steam- 
boats, of  a  size  large  enough  to  handle  a  dredge,  were  chartered  at  a 
cost  of  from  $40  to  $60  per  day  for  boat  and  equipment  only, 
not  including  crew,  fuel  or  supplies.  During  1899  the  Government 
completed  five  steel-hulled  towboats  built  for  this  purpose.  They 
are  171  feet  6  inches  long,  36  feet  beam,  and  four  of  them  have 
cylinders  22  inches  diameter  by  8  feet  stroke ;  the  other  one  24-inch 
by  8-foot  stroke. 

Coal,  which  is  one  of  the  large  items  to  be  provided,  was  pur- 
chased in  1898  under  a  contract  which  provided  that  the  contractor 
should  deliver  it  in  barge  lots  in  his  own  barges,  and  at  the  dredges 
wherever  they  might  be  between  Cairo  and  Helena.  This  arrange- 
ment proved  to  be  a  satisfactory  one  in  practice,  and  no  trouble  was 
experienced  in  keeping  a  supply  on  hand. 

A  barge  holds  from  12,000  to  15,000  bushels,  and  is  held  along- 
side the  dredge  and  the  coal  used  out  of  it  as  needed,  practically  no 
coal  being  stored  on  the  dredge. 

Other  supplies  were  purchased  wherever  they  could  be  had  to 
the  best  advantage,  and  were  delivered  on  board  the  dredges  by 
steamboats  plying  on  the  river  and  landing  against  them  without 
hesitancy. 

OPERATIOX. 

After  having  determined  on  the  location  of  a  proposed  channeh 
and  having  brought  the  dredge  and  plant  to  the  vicinity,  the  head 
mooring  piles  are  set  at  the  upper  edge  of  the  bar  if  it  is  not  over 
1000  to  1200  feet  across,  the  length  of  the  hauling  cables,  and 
about  1000  feet  from  the  lower  edge  if  it  is  wider  than  this.  These 
mooring  piles  are  simply  iron  tubes  about  11  inches  outside 
.diameter,  with  metal  i  inch  to  §  inch  in  thickness.  They  are  35 
feet  long,  and  are  made  in  two  sections  with  a  flange  connection.  A 
shackle  is  fastened  to  them  at  such  distance  from  their  lower  end 
as  it  is  desired  that  the  piles  penetrate  the  bottom,  usually  15  feet. 
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The  upper  end  is  closed,  and  provided  with  a  ring  for  handling. 
Near  the  upper  end  it  has  a  hole  drilled  and  tapped  for  2^-inch  pipe, 
and  is  connected  by  a  length  of  ordinary  fire  hose  with  a  pressure 
pump.  The  pile  drivers,  or,  more  properly,  pile  sinkers,  are  pro- 
vided with  the  ordinary  leads,  but  no  hammer,  a  hoisting  engine, 
pressure  pump  and  necessary  boiler.  The  piles  are  rapidly  sunk  by 
forcing  water  through  their  interior,  escaping  at  the  lower  edge, 
and  by  their  own  weight.  In  sand  it  is  very  quickly  done,  as  I  have 
seen  a  pile  sunk  15  feet  into  sand  in  two  and  one-half  minutes  from 
the  time  it  was  swung  into  the  leads.  The  water  pressure  carried 
on  the  pumps  is  from  40  to  70  pounds  per  square  inch.  Before 
sinking  a  bridle  line,  simply  a  piece  of  cable  30  feet  long,  with  an 
eye  in  each  end,  is  fastened  to  the  shackle  and  the  free  end  kept 
above  water.  In  the  meantime  the  discharge  pipe  line  has  been 
connected  up.  The  latter  is  in  50-foot  sections,  the  sections  being 
connected  with  rubber  sleeves  about  3^  feet  long.  The  operation 
of  slipping  the  sleeves  over  the  ends  of  the  discharge  pipe  is  a 
tedious  and  disagreeable  proceeding,  owing  to  the  fact  that  the  dis- 
charge pipes  are  submerged  for  about  one-third  to  one-half  of  their 
diameter.  Those  who  have  struggled  with  forcing  a  pipe  of  slightly 
larger  diameter  into  a  piece  of  ordinary  hose  can  possibly  imagine 
the  ease  with  which  a  32  or  34-inch  hose  is  forced  over  the  end  of 
a  pipe  half-submerged  in  ice  cold  water. 

The  piles  being  in  position,  the  dredge  is  brought  up  as  near 
them  as  possible  and  anchored  by  means  of  the  spud.  The  hauling 
lines  are  then  attached  to  the  bridles.  In  attaching  the  cables  to  the 
piles  it  is  found  that  the  dredge  is  more  easily  manipulated  if  the 
cables  cross, — i.e.,  the  cable  from  the  starboard  hauling  engine  is 
led  to  the  port  pile,  and  -t'lcc  versa.  The  spud  is  then  raised,  the 
dredge  dropped  back  with  the  current  to  the  lower  edge  of  the  bar, 
the  suction-head  lowered  and  the  main  and  jet  pump  started.  The 
suction-head  is  ordinarily  allowed  to  sink  to  the  full  depth,  15  to  17 
feet,  before  pulling  ahead ;  the  dredge  is  then  pulled  ahead  by  the 
cables,  the  rate  of  advance  depending  on  the  material  encountered 
and  the  depth  of  the  cut.  This  rate  varies  from  60  to  150  feet  per 
hour,  and  is  sometimes  higher.  When  the  dredge  has  again 
reached  the  piles  it  is  dropped  back ;  a  second  cut  is  made  along- 
side the  first  one,  and  the  operation  is  repeated  till  the  desired 
width  has  been  obtained. 

When  the  axis  of  the  dredged  channel  is  at  an  angle  with  the 
current,  or  when  a  strong  wind  is  blowing,  side  piles  may  be  set,  to 
which  lines  are  attached  for  holding  the  dredge  in  position.  This 
sounds  very  simple,  and  the  operation  is  a  simple  matter  under 
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favorable  conditions  and  in  clean  material,  in  i8y8  the  "Delta" 
was  stationed  at  Island  34,  and  the  material  encountered  was  sand, 
gravel,  lignite,  sliale.  stumps,  logs  and  the  wreck  of  a  coal  barge 
containing  coal.  A  channel  was  opened  successfully  through  this 
material,  but  only  after  a  long  series  of  exasperating  breakdowns; 
while,  on  the  other  hand,  at  Mrs.  Hickman's  crossing,  where  there 
was  clean  material,  this  dredge  opened  a  channel  9  feet  deep,  250 
feet  wide,  in  one  day. 

The  ''Gamma,"  in  dredging  a  channel  at  Island  40,  removed 
fifty-four  logs,  varying  from  8  to  50  inches  in  diameter  at  the  butt 
and  having  an  aggregate  length  of  over  1500  feet. 

In  consequence  of  this  severe  usage,  accidents  of  a  more  or  less 
serious  character  are  not  unusual.  Each  dredge  is  supplied  with  a 
machine  shop,  equipped  with  an  engine  lathe  of  18  to  24-inch  swnng. 
a  drill  press,  a  shaper,  a  bolt  and  pipe  machine  and  an  emery  wheel, 
all  driven  by  a  small  independent  engine ;  also  a  forge,  with  the 
necessary  tools  and  a  full  assortment  of  small  tools,  hoists,  etc. 

At  the  beginning  of  the  low-water  season  the  troublesome  bars 
develop  rapidly,  and  in  order  to  keep  open  a  channel  of  the  requisite 
depth  it  is  necessary  that  the  dredges  be  operated  continuously  at 
their  full  capacity ;  and  they  are  not  permitted  to  stop  on  account  of 
any  trifling  disarrangement  to  machinery.  At  one  time  the  piston 
in  the  low-pressure  cylinder  of  the  jet  pump  engine  on  the  "Gamma" 
was  broken,  and  at  about  the  same  time  the  air  pump,  operated  in 
connection  with  the  condenser  to  the  main  pump  engine,  was  dis- 
abled. Dredging,  however,  was  continued  without  a  jet  and  with- 
out a  condenser,  a  small  amount  of  live  steam  being  admitted  to  the 
low-pressure  cylinder  to  equalize  the  work  on  the  engine. 

The  rate  of  advance  of  the  dredge  did  not  seem  to  be  materially 
-effected.  The  material  being  handled  was,  however,  a  clean  loose 
sand,  readily  moved,  and  the  relation  of  this  incident  is  not  to  be 
understood  as  indicating  a  belief  that  either  the  jet  or  the  con- 
denser may  be  dispensed  w  itli. 

TESTS. 

While  the  dredges  were  yet  in  the  field  it  was  thought  desir- 
able to  determine  their  capacity  under  working  conditions  as  nearly 
as  these  could  be  had.  Each  of  the  dredges,  before  acceptance  from 
the  builders,  had  been  tested  by  measuring  the  discharge  deflected 
for  a  brief  interval  of  time,  usually  less  than  a  minute,  into  a 
measuring  barge.  It  was  feared  that  test  conditions  might  not  be 
the  same  as  working  conditions,  and  that  the  determination  of  the 
short  time  interval  required  in  filling  the  barge  might  be  a  source 
of  error. 
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In  making  these  field  tests  a  location  was  sought  where  clean 
sand,  of  nearly  the  size  of  channel  sand,  conld  be  found,  and  where 
there  was  no  current,  so  that  no  material  would  be  moved  except  by 
the  dredge.  The  site  was  carefully  cross-sectioned,  and,  after  the 
test  was  completed,  it  was  again  cross-sectioned  and  the  total 
amount  moved  was  thus  determined. 

The  "Gamma"  was  tested  at  Cow  Island  bar.  Eight  cuts  were 
made,  aggregating  4566  feet,  and  occupied  forty-five  hours  and 
thirty  minutes'  time  actual  dredging.  The  material  encountered 
was  chiefly  a  rather  fine  sand,  with  a  very  small  quantity  of  blue 
mud.  The  total  amount  of  material  moved  was  45,856  cubic  yards, 
or  1008  yards  per  hour.  The  average  depth  of  cut  was  7.16  feet, 
and  the  average  advance  per  hour  was  100.3  f^et  per  hour. 
Average  steam  pressure,  145.6  pounds;  average  speed  of  main 
pump,  150  revolutions  per  minute.  The  vacuum  on  suction  pipe  of 
the  main  pump  was  8.6  feet  of  water,  and  the  discharge  head  1 1  feet, 
or,  in  other  words,  the  pump  was  operating  against  19.6  feet  of 
water.  Seven  hundred  and  fifty  feet  of  discharge  pipe  was  used. 
The  original  test  shows  an  average  capacity  of  1523  yards  per  hour. 

The  "Delta"  was  tested  at  Island  No.  18.  The  material  was 
all  sand,  possibly  averaging  a  little  finer  than  channel  sand.  Four 
cuts  were  made,  aggregating  271 1  feet  in  length,  and  occupying 
twenty-seven  hours  and  twenty-three  minutes'  actual  dredging. 
Thirty-four  thousand  four  hundred  and  sixty-two  yards  were 
moved,  or  1259  yards  per  hour.  During  the  last  cut  made  the 
dredge  was  pushed  to  its  highest  capacity  possible  without  sinking 
the  discharge  pipe.  Distriliuting  to  this  cut  that  proportion  of  the 
total  volume  moved  to  which  it  is  entitled  from  a  consideration  of 
the  rate  of  advance  and  depth  of  cut,  we  have  2550  yards  per  hour 
for  the  capacity  limit  of  this  dredge. 

In  the  material  encountered  during  the  test,  the  capacity  of  the 
dredge,  however,  seemed'  to  be  limited  only  b_v  the  ability  of  the 
pontoons  to  carry  the  discharge  pipes  when  loaded  with  the  sand 
handled  by  the  pumps.  The  average  advance  per  hour  was  99  feet, 
average  depth  of  cut  6.55  feet,  average  steam  pressure  151.1  pounds 
and  average  speed  of  pump  140.9  revolutions  per  minute.  The 
suction-head  was  16.3  feet,  and  the  discharge  34.5  feet  of  water,  or 
a  total  of  50.5  feet  of  w^ater  against  which  the  pump  operated.  The 
original  test  gives  a  capacity  of  1829  yards  per  hour  with  a  67.6-foot 
head.     One  thousand  feet  of  discharge  pipe  was  used  in  ea.ch  case. 

The  "Epsilon"  was  tested  at  Phillips's  bar  in  medium  sand, 
with  a  small  amount  of  mud.  Four  cuts  were  made,  aggregating 
3015    feet,   and    occupying   twenty-four   hours   and   fifty   minutes; 
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(luring  which  lime  32.407  yards  were  moved  at  the  rate  of  1305 
yards  per  hour.  Tlie  average  advance  per  hour  was  81  feet  against 
a  cut  of  9.6  feet.  Average  steam  pressure,  130  pounds;  average 
speed  of  pumps,  178  revolutions.  The  combined  suction  and 
delivery  head  was  44.4  feet  of  water.  One  thousand  feet  of  dis- 
charge pipe  was  used.  The  original  capacity  tests  give  an  average 
of  2553  yards  per  hour  with  a  total  head  of  58.5  feet. 

In  comparing  these  tests  with  the  original  tests  allowance  for 
loss  of  efficiency,  due  to  wear  in  the  pumps,  must  be  made,  and  in 
the  case  of  the  "Gamma"  this  loss  was  evidently  a  large  one,  as 
will  be  shown  later  on. 

A  test  was  also  made  with  the  "Zcta"  at  Cherokee  bar,  to 
determine  the  feasibility  of  cutting  a  channel  through  a  dry  bar, 
and  also  to  determine  the  capacity.  So  far  as  demonstrating  the 
first-mentioned  proposition,  the  test  was  an  entire  success.  Into  a 
dry  bar  a  hole  was  cut  approximately  500  feet  long,  140  feet  wide 
on  top  and  having  a  depth  of  from  3^  to  4  feet  above  water  and  13 
feet  below  water  along  the  axis  of  the  cut.  The  sides  of  the  cut 
below  water  stood  at  a  very  considerable  angle  wdth  the  vertical. 
It  would  have  been  entirely  practicable  to  have  cut  a  channel  entirely 
across  the  bar  to  deep  water  on  the  opposite  side,  a  distance  of  1200 
feet,  had  it  been  desirable  to  do  so. 

The  capacity  test  was,  however,  unsatisfactory,  owing  to  the 
material  encountered,  and  cannot  be  regarded  as  showing  the 
capacity  of  the  dredge  while  at  work  on  su])merged  bars  of  channel 
sand. 

The  composition  of  the  bar  above  water  and  to  a  depth  of  7 
feet  below  was  pure  sand,  but  below  this,  and  probably  extending 
to  the  depth  reached  by  the  suction  pipes,  was  blue  mud.  Had  the 
suction  pipes  been  raised  above  this  mud  the  amount  of  material 
moved  would  undoubtedly  have  been  much  larger.  The  total 
volume  moved  was  40,991  cubic  yards,  or  only  652  yards  per  hour. 
As  this  dredge  is  identical  in  size  and  construction  with  the 
'"Epsilon,"  the  dift'erence  in  amount  of  1305  and  652  yards  per 
hour  probably  represents  the  difference  in  capacity  when  handling 
the  two  different  materials,  sand  and  mud. 

COST. 

It  is  manifestly  impossible  to  give  any  approximate  cost  of 
moving  the  material  per  cubic  yard,  as  it  is  impracticable  to  ascer- 
tain with  any  degree  of  accuracy  the  amount  of  material  moved. 
The  surveys  of  the  ordinary  crossing,  made  before  and  after  dredg- 
ing, give  results  as  a  whole,  but  do  not  indicate  the  amount  of 
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material  moved  by  the  dredge  alone.  In  one  case  the  river  may 
have  been  almost  on  the  point  of  breaking  through  a  bar,  and 
needed  only  that  a  start  be  made  by  a  dredge  to  encourage  the  cur- 
rent to  complete  the  channel.  In  this  case  the  amount  of  material 
moved  by  the  dredge  may  have  been  a  small  part  of  the  total 
amount  moved  in  opening  a  channel.  On  the  other  hand,  a  cut 
may  be  so  located  that  it  is  constantly  being  filled  by  the  current, 
and  in  this  case  the  amount  moved  by  the  dredge  is  greater  than 
appears. 

A  computation  was  made  of  the  cost  per  yard  handled  during 
the  tests.  This  cost  includes  fuel,  payroll,  subsistence,  lubricating 
and  lighting  supplies,  and  any  small  repairs  made  during  the  time 
occupied  in  testing.  It  does  not  include  any  allowance  for  cost  of 
plant,  towing  to  point  where  test  was  made  or  cost  of  steam  tender. 
The  average  cost  for  the  three  dredges  first  mentioned  was  85-100 
of  a  cent  per  cubic  yard. 

The  total  cost  of  operating  five  dredges  during  the  low-water 
season  of  1898,  comprising  a  total  time  for  one  dredge  of  403  days, 
and  extending  from  September  3  to  December  23,  was  $92,052.89, 
and,  including  surveys,  general  superintendence  and  inspection, 
$120,272.76,  or  an  average  of  $225.93  per  day  per  dredge  for  the 
operating  expenses  alone,  or  nearly  $300  per  day  including  all 
expenses  connected  with  dredging  operations. 

As  a  matter  of  curiosity,  the  writer  has  determined  the  total 
amount  of  material  moved  during  the  season,  assuming  that  the 
dredges  during  the  time  of  actual  dredging  were  handling  90  per 
cent,  as  much  sand  per  hour  as  w^as  handled  during  the  capacity 
tests.  The  total  is  something  over  two  and  one-half  million  yards, 
or  at  a  cost  of  a  little  less  than  4  cents  per  yard  for  operating  ex- 
penses for  the  season.  These  figures,  it  is  understood,  are  based  on 
mere  assumptions,  and  have  no  value  except  to  give  a  very  general 
impression  of  the  magnitude  and  cost  of  the  operations. 

THE    RESULTS    OBTAINED. 

The  year  1898  was  not  one  of  extreme  low  water,  as  the  lowest 
reading  was  y.y  on  the  Cairo  gauge.  This  does  not,  however, 
necessarily  indicate  that  there  was  proportionally  more  water  in  the 
channel  than  during  extreme  low-water  years,  for  the  season  was 
one  of  constant  fluctuations ;  and  this  condition,  as  is  well  known, 
tends  to  produce  less  water  over  the  crossings  than  does  a  slowly 
falling  or  stationary  river,  even  though  the  stage  reached  may  be 
considerable  lower.  At  no  time  during  the  season,  as  far  as  I  know, 
was  there  less  than  8-|  to  9  feet  in  the  channel  below  Cairo,  which 
is  more  than  for  several  years  previous.     How  much  of  this  was 
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due  to  the  dredges  can  only  be  surmised,  but  I  think  no  one  will 
deny  that  they  are  entitled  to  some  of  it,  for  at  no  time  did  a  dredge, 
attacking  a  bar,  fail  to  open  a  channel  with  12  to  13  feet  of  water; 
and  this  channel,  if  properly  located,  was  maintained  without 
further  work  as  long  as  the  river  continued  to  fall  or  remained 
stationary,  though  it  was  very  likely  to  be  partly  obliterated  by  a 
rising  river. 

The  operations  tluring  the  season  of  1899  have,  I  understand, 
been  even  more  successful,  as  the  river  then  reached  a  much  lower 
stage. 

The  proper  location  of  the  dredged  channel  is  the  most  impor- 
tant feature  in  connection  with  the  success  of  dredging  operations. 
If  properly  located,  the  river  will  assist  in  making  the  cut,  and,  in 
fact,  in  many  instances,  as  mentioned,  the  action  of  the  current 
scours  out  more  material  than  is  actually  handled  by  the  dredge,  a 
start  having  been  made  by  the  latter. 

On  the  contrary,  if  the  channel  be  improperly  located  it  is 
impossible  to  keep  it  open.  No  rule  can  be  laid  down  for  these 
locations,  as  they  depend  on  the  conditions  at  each  bar,  and  success 
is  acquired  only  through  experience  and  a  careful  study  of  the 
movement  of  the  channel  under  various  circumstances. 

W'EAR    IN    OPERATION,    AND    REPAIRS. 

The  dredging  season  usually  lasts  from  about  the  first  of 
September  to  the  middle  of  December.  During  the  remainder  of 
the  year  the  dredges  are  cared  for  by  a  small  force,  and  the  neces- 
sary repairs  are  made  by  this  force  as  far  as  can  be  done  with  the 
appliances  on  the  fleet:  The  various  kinds  of  machinery  on  the 
dredges,  consisting  of  boilers,  engines,  pumps  and  hoisting  and 
hauling  engines,  have  been  so  proportioned  for  the  work  they  per- 
form that  the  wear  and  repairs  required  are  not  more  than  that  of 
machinery  ot  this  kind  in  other  use,  and  need  not  be  considered 
here.  The  wear  of  the  main  sand  pump  is,  however,  a  very  serious 
matter,  and  to  this  point  attention  is  invited. 

During  the  dredging  season  of  1898  the  casing  on  the 
"Epsilon"  was  worn  by  the  action  of  the  sand,  so  that  in  the  lower 
half  of  the  casing  on  the  port  side  a  slit  about  18  inches  long  was 
worn  entirely  through.  This  was  repaired  while  in  the  field  by 
riveting  a  plate  of  boiler  steel  over  the  hole  and  on  the  inside  of  the 
casing.  The  three  accompanying  figures  show  the  wear  on  the 
pumps  on  the  "Epsilon,"  the  "Zeta"  and  the  "Gamma"  at  the  end 
of  the  season.  The  metal  of  the  casings  on  these  pumps  was 
originally  2   inches  thick.     The  "Epsilon's"  pump  had  been   run 
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about  1063  hours,  including  the  time  occupied  in  capacity  tests. 
The  "Zeta's"  pumps  had  been  operated  about  760  hours. 

The  casing-  for  these  pumps  is  made  in  two  castings,  joined 
along  a  horizontal  section  line,  and  no  provision  was  made  for  any 
adjustment  for  wear.  It  is  manifestly  impracticable  to  renew  the 
entire  pump  casing  with  only  about  forty-one  days'  use  in  actual 
dredging,  and  they  were  repaired  as  shown.  A  circular  section, 
40  inches  in  diameter,  was  cut  out  of  each  side ;  the  edge  of  this 
cut  and  the  outside  surface  of  casing  for  about  3  inches  back  was 
faced  up.  A  casting  was  then  made,  which  bolted  to  the  flange  of 
the  elbow  on  the  suction  pipe  and  to  the  casing  of  the  pumps,  as 
shown.  To  the  inside  of  this  casting  were  bolted  the  wearing  rings, 
as  shown ;  the  inside  face  of  the  casing,  beyond  the  section  cut  out, 
was  faced  up  and  lined  with  flat  plates  which  are  in  four  pieces. 
As  these  plates  are  sectors  of  circles,  and  have  a  dish  to  them, 
owing  to  the  inclination  of  the  pump  casing  from  a  line  perpendicu- 
lar to  the  axis,  their  construction  was  not  a  simple  matter.  The 
pump  casing  was,  of  course,  cut  and  faced  up  in  place.  The  runner 
and  its  shaft  were  removed.  The  runner  shaft  forms  a  part  of  the 
main  engine  shaft,  and  has  a  flange  coupling  on  each  side  between 
the  pump  shell  and  the  pillow  blocks. 

The  following  device  was  used  for  cutting  and  facing  the  cas- 
ings:  A  7-inch  shaft  was  turned  up  and  supported  in  temporary 
wooden  babbitted  bearings,  the  center  of  this  shaft,  of  course,  being 
exactly  on  line  with  the  main  shaft.  This  shaft  carried  a  cast  iron 
arm  firmly  bolted  to  it ;  the  arm  had  V's  cut  on  it,  normal  to  the 
line  of  the  shaft,  corresponding*  to  the  V's  on  the  carriage  of  an 
engine  lathe.  It  carried  a  compound  tool  rest  taken  from  an  18- 
inch  lathe  on  the  dredge,  and  was  supplied  with  the  necessary  feed 
screw.  Motion  was  given  to  the  shaft  and  arm  through  reducing 
gearing  and  a  counter-shaft  belted  to  a  small  engine  set  up  in  proper 
position  for  this  purpose. 

The  inside  surface  of  the  new  lining  was  placed  somewhat 
inside  the  original  lines,  to  compensate  for  the  wear  on  the  edges  of 
the  runner  blades.  The  most  serious  feature  of  this  excessive 
wear  is  not  merely  the  expense  of  replacing  a  certain  amount  of  cast 
iron,  but  the  loss  in  the  efficiency  of  the  pump.  The  efficiency  is 
lowered  very  rapidly  as  the  clearance  between  the  runner  and  the 
casing  increases. 

I  am  told  that  an  observation  made  in  1899  shows  that  with  the 
increase  of  the  original  clearance  from  I  inch  to  i  inch,  the  com- 
bined suction  and  discharge  head  at  the  same  speed  was  reduced  50 
per  cent. 
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Lines  on  the  ligures  show  the  wear  in  the  new  Hners  during 
the  season  of  1899. 

The  actual  time  of  dredging-  was,  for  the  "JCpsilon"  794,  and 
for  the  "Zeta"  546  hours. 

The  deep  grooves  in  these  hues  are  explained  hy  the  fact  that 
during  the  season  of  1899  some  experiments  were  made  with  a 
rubber  covering  to  the  runners,  which  extended  somewhat  beyond 
their  edges  to  reduce  the  clearance.  These  covers  were  held  in 
position  on  the  runner  blades  by  bolts  passing  through  a  ^-inch  iron 
strap  on  the  outside  of  the  rubber  and  normal  to  the  length  of  the 
blades. 

Sand,  in  passing  through  the  pump,  passes  along  the  face  of 
the  blade  of  the  runner,  and  in  a  direction  parallel  with  their  length. 
A  part  of  this  sand  was  deflected  by  the  iron  strap  projecting  above 
the  face  of  the  blade,  and  was  directed  against  the  side  of  the  casing, 
where  it  acted  as  a  sand  blast,  with  the  result  as  shown.  Evidently 
the  runner  blades  should  have  no  projections  on  their  faces  which 
will  tend  to  deflect  the  sand. 

The  throat  of  the  pump  on  the  "Gamma"  has  a  curve  of  much 
larger  radius  than  on  the  "Epsilon"  and  "Zeta,"  but  was  badly 
worn,  as  shown. 

I  am  unable  to  account  for  the  wearing  into  grooves,  as  it 
occurred  before  my  acquaintance  with  the  dredge  began.  The 
wear  shown  represents  that  during  the  season  of  1897,  which,  in- 
cluding tests,  amounted  to  600  to  700  hours'  actual  dredging.  Dur- 
ing the  season  of  1898  the  casing  was  protected  by  wrought  iron 
plate  liners,  as  shown.  The  clearance  in  this  pump  had  become  so 
large  that  cast  iron  liners  were  placed  in  the  casing,  as  shown,  with- 
out facing  it  up.  The  lines  on  this  figure  also  show  the  wear  in 
these  liners  during  the  season  of  1899,  which  covered  a  total  time 
of  dredging  of  576  hours. 

The  pump  on  the  "Delta"  has  a  casing  rectangular  in  plan,  and 
has  a  single  suction  only.  The  casing  seems  to  wear  much  less  than 
the  others,  and,  furthermore,  the  casing  was  originally  lined 
throughout ;  and,  as  the  lining  consists  simply  of  flat  plates,  it  is 
easily  replaced. 

Experience  indicates  that  the  entering  material  receives  a 
rotary  motion  some  distance  back  of  the  throat,  and  it  would  seem 
tiiat  the  amount  of  wear  in  the  throat  might  be  lessened  if  this  was 
broken  up. 

Steps  were  taken  for  fixing  baffle  plates  in  the  suction  elbows, 
but,  unfortunately,  they  were  not  applied  last  season,  and  we  do 
not  know  what  their  eft'ect  would  have  been. 
28 
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It  is  also  quite  clear  that  renewable  liners  to  the  pump  casings 
are  an  absolute  necessity. 

Some  method  of  reducing  the  wear  between  the  edge  of  the 
runners  and  the  casing  is  also  evidently  quite  necessary.  I  am 
informed  that  several  experiments  are  now  in  progress,  wdiich  it  is 
hoped  will  assist  in  solving  the  problem  last  named.  One  of  them 
is  the  construction  of  an  inclosed  runner  similar  in  principle  to 
those  now  used  by  manufacturers  of  sand  pumps  of  smaller  sizes. 

The  wear  in  the  throat  is  also  dependent,  to  a  certain  extent, 
on  the  speed  of  the  pump,  speed,  in  this  connection,  referring  to  the 
number  of  revolutions  per  minute  and  not  to  the  linear  velocity  at 
the  circumference  of  the  runners.  It  would  seem,  then,  that  the 
wear  might  be  reduced  by  lowering  the  number  of  revolutions  per 
minute,  and,  if  necessary,  increasing  the  diameter  of  the  runners. 

In  addition  to  the  repairs  on  the  pump  casings  mentioned,  the 
interior  of  the  hulls  of  the  dredges  and  the  pontoons  and  discharge 
pipes  were  cleaned  and  painted.  In  cleaning  the  iron  work  a  sand 
blast  was  used,  and  this  proved  most  satisfactory  in  operation  and 
efficiency. 
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By  Prof.  John  M.  Oruw.w,  Member  Louisiana  Engineering  Society. 


[Read  before  the  Society  April  9,  1900.*] 

It  has  been  suggested  many  times  that  New  Orleans  might 
obtain  an  abundance  of  good  water  from  one  of  the  clear  rivers  of 
Eastern  Louisiana,  but  when  close  calculations  are  made,  after  get- 
ting all  the  requisite  data  respecting  quality,  quantity,  distance  and 
possible  places  of  storage,  I  think  it  would  be  found  that  the  needed 
expenditure  would  be  greater  than  our  people  are  willing  to  make. 

As  to  artesian  wells,  it  is  known  that  under  our  city  are  two 
considerable  sheets  of  water  under  sufficient  pressure  to  rise  a  few 
feet  above  the  surface.  One,  about  750  feet  down,  is  too  alkaline 
and  too  highly  colored  for  general  use ;  the  lower  one,  at  the  depth 
of  about  1350  feet,  is  about  two-thirds  as  salt  as  sea  water,  and 
very  hard ;  and,  though  the  liquid  when  it  first  comes  to  the  air  is 
perfectly  clear,  it  quickly  becomes  turbid  with  oxide  of  iron.  What 
there  is  further  down  we  know  not,  and  it  is  of  little  consequence, 
for  we  should  hardly  be  willing  to  bore  large  holes  much  deeper. 

It  would  not  be  worth  the  while  to  go  far  from  the  city  to  tap 
underground  sources  that  might  possibly  be  better. 

But  whatever  may  be  the  result  of  investigations  made  here- 
after respecting  waters  underground  or  above  ground,  near  or  far 
ofif,  we  must,  without  interruption,  have  water  in  the  immediate 
future;  and  for  this  it  is  likely  that  we  shall  continue  to  depend  on 
the  clouds  and  the  Mississippi  River.  As  rain  water  is  soft,  and 
therefore  much  better  for  washing  and  cooking,  it  is  not  best  to  dis- 
continue its  use  whenever  there  are  cisterns  and  clean  roofs.  For 
other  purposes  the  river  will  afiford  an  unlimited  quantity,  and  by 
proper  treatment  its  quality  can  be  made  superior  to  the  average  of 
what  is  supplied  to  the  other  cities  of  our  country. 

The  water  of  most  rivers,  for  a  part  of  the  year  at  least,  needs 
purification  by  subsidence  and  coagulation  and  filtration.  That  of 
the  Mississippi  requires  all  three  throughout  the  entire  year.  Even 
in  the  rare  conditions  that  prevailed  last  October  and  November, 
when  the  quantity  of  suspended  matter  was  almost  imponderable, 
the  water  was  still  a  little  opaline.  The  river  water  always  con- 
tains in  solution  the  car])onates  of  sodium  and  calcium  and  magne- 
sium, and  chloride  of  sodium,  with  a  trace  of  sulphates  and  prob- 
ably some  silica,  the  sum  of  all  not  exceeding  what  is  allowable  or 

*Manuscript   received  April   23,    1900. — Secretary,  Ass'n  of  Eng.    Socs. 
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even  desirable  for  drinking.  In  suspension  there  is  more  or  less 
dark-colored  sand  and  very  fine  clay.  A  portion  of  the  clay  is  in, 
an  intermediate  state  between  suspension  and  solution,  and,  like 
some  other  substances  that  chemists  occasionally  meet  with,  it  will 
pass  through  a  paper  filter  and  it  will  not  subside  in  any  reasonable 
time.  The  alkaline  carbonate  appears  to  promote  the  quasi  solu- 
bility of  this  aluminum  silicate,  though  neutralization  with  a 
stronger  acid  fails  to  effect  a  precipitation.  But  it  is  well  known 
that  there  are  chemicals  that  have  a  specific  power  of  changing  the 
condition  of  the  colloid  clay  so  that  it  will  subside  readily,  or  can 
be  filtered  out  with  great  rapidity. 

In  the  case  of  coagulants  we  are  restricted  by  considerations  of 
cheapness  and  harmlessness  to  lime,  ferric  salts  and  preparations  of 
aluminum.  Lime,  when  used  in  the  right  proportion,  combines 
with  the  carbonic  acid  that  tends  to  hold  the  carbonates  of  calcium 
and  magnesium  in  solution,  and  the  resulting  carbonate  gradually, 
settles,  carrying  with  it  a  part  of  the  calcic  carbonate  originally 
present.  So  the  temporary  hardness  may  be  temporarily  diminished 
by  lime,  but  the  subsidence  is  too  slow ;  and  even  after  twenty-four 
hours'  standing  the  water  is  not  absolutely  clear.  Carbonate  of 
calcium  precipitated  from  a  cold  solution  is  light  and  flocculent  at 
first,  but  after  a  while  it  becomes  dense  and  crystalline,  almost  like 
sand ;  so  it  has  little  entrapping  power. 

Alumina  combines  chemically  with  organic  matters  and  with 
soluble  silica ;  the  precipitates  are  flocculent  and  adhesive,  and  they 
can  carry  down  with  them  much  suspended  matter.  But  the  condi- 
tion in  which  the  alumina  is  presented  to  the  waters  is  by  no  means 
a  matter  of  indifference. 

More  than  forty  years  ago*  I  made  a  rather  extensive  series  of 
experiments  on  the  basic  salts  of  the  sescjuioxides  merely  for  their 
scientific  interest,  not  finding  at  the  time  any  practical  use  for  them. 
Latterly,  as  a  friend  was  speaking  of  the  wonderful  clarifying 
power  of  hydrate  of  alumina,  it  occurred  to  me  that  the  hydrate 
brought  into  solution  might  l)e  more  efficient  than  the  gelatinous 
preparation.  Accordingly  some  bibasic  chloride  was  made  by  dis- 
solving in  the  normal  chloride  as  much  alumina  as  it  already  con- 
tained. And  when  some  of  this  was  added  to  our  brown  artesian 
water  it  acted  almost  like  magic.  While  a  normal  salt,  like  alum, 
requires  six  hours  or  more  to  throw  down  the  humus  completely, 
the  bibasic  chloride  effected  a  perfect  clarification  in  six  minutes, 
luir  that  particular  water,  therefore,  this  basic  chloride  is  the  ideal 
precipitant. 

*  American  Journal  of'  Science  for   1858,  XXVI,  p.   197. 
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The  question  iialnrally  came  up  wlietlier  tliere  is  any  simple 
coagulant  that  will  answer  as  well  in  other  cases.  Hundreds  of 
experiments  have  been  made  during  the  last  two  years  on  our  river 
water,  and  almost  every  safe  thing  that  could  be  thought  of  has 
been  carefully  tried,  but  so  far  humic  acid  has  proved  to  be  much 
more  tractable  than  clay.  Certain  iron  and  aluminum  basic  salts 
eflfect  the  chemical  changes  just  as  quickly,  but  the  mechanical 
subsidence  of  the  precipitates  is  much  slower.  Ferric  hydrate  has 
not  so  strong  chemical  affinity  for  the  impurities  as  the  hydrate  of 
alumina,  but,  on  the  other  hand,  a  ferric  precipitate  is  much  heavier 
and  denser  than  an  aluminum  combination ;  and,  moreover,  iron 
preparations  are  cheaper  than  those  of  alumina.  When  we  unite 
the  two  kinds,  while  the  aluminum  part  insures  thorough  action, 
the  iron  hastens  the  settling.  And  such  a  mixture  has  come  the 
nearest  to  giving  complete  satisfaction.  It  is  a  singular  fact  that 
when  a  basic  combination  is  made  which  contains  less  than  two 
atoms  of  aluminum  for  every  atom  of  iron,  the  mixture  does  not 
keep  well ;  the  ferric  oxide  sooner  or  later  undergoes  a  change,  and 
the  liquid  becomes  turbid  and  less  active.  The  preferable  com- 
pound is  found  to  be  a  liquid  in  which  there  are  two  molecules  of 
bibasic  aluminum  chloride  for  one  molecule  of  bibasic  ferric 
chloride,  or,  as  the  chemical  equivalent  of  iron  is  a  little  more  than 
twice  that  of  aluminum,  wc  may  say  that  the  actual  weights  of  the 
two  metals  in  the  combination  should  be  equal.  The  coagulant  of 
known  strength  being  provided,  it  is  easy  to  determine  by  tentative 
trials  the  exact  amount  required  to  do  the  work.  We  may  dilute 
some  of  the  liquid  with  pure  water,  so  that  it  shall  contain  3.55  parts 
of  chlorine  in  a  thousand.  Then  into  each  of  several  glass  jars  we 
put  a  liter  of  the  water  in  (|uestion  and  add  to  No.  i  one  cubic 
centimeter  of  the  test  liquor ;  to  No.  2  two  cubic  centimeters,  and 
so  on;  stir  them  well  and  allow  to  stand  a  few  minutes.  The  jar 
that  coagulates  completely  with  the  smallest  number  of  cubic  centi- 
meters of  the  test  liquid  indicates,  with  a  little  calculation,  the 
proper  amount  of  coagulant  to  be  used.  A  liter  of  the  Mississippi 
water  as  it  passes  our  city  usually  requires  fixe  or  six  centimeters 
of  the  test  liquor.  And,  as  far  as  my  experience  goes,  the  amount 
does  not  differ  greatly  at  diflPerent  times  of  the  year,  for  though 
the  coarser  mud  varies  very  much,  the  clay  and  the  dissolvctl  mat- 
ters are  more  constant.  For  some  reason,  we  know  not  exactly 
what,  the  clarification  is  not  complete  until  the  sodium  carbonate  is 
all  changed,  and  so  the  acid  of  the  coagulant  under  consideration 
must  suffice  to  neutralize  the  alkali.  Then  the  bases  combine  with 
the  half-dissolved  matters  and  carn>-  them  down,  leaving  the  clear 
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water  with  only  a  very  slight  increase  of  the  small  amount  of  com- 
mon salt  originally  present.  A  little  excess  of  the  precipitant  does 
no  harm,  as  the  carbonates  of  lime  and  magnesia  will  take  care  of  it. 

In  operating  on  a  moderate  scale — I  have  tried  five  gallons  at  a 
time,  and  forty-five  gallons  at  a  time — the  coagulation  is  immediate, 
and  99  per  cent,  of  the  suspended  matter  settles  within  ten  minutes 
after  the  stirring  ceases.  In  a  few  hours  the  water  becomes  pas- 
sably clear,  and  standing  over  night  renders  it  entirely  free  from 
turbidity  and  colorless.  So  when  the  demand  is  not  very  great,  by 
having  two  cisterns  to  be  used  on  alternate  days,  we  may  get  a 
plenty  of  perfectly  clear  water  by  coagulation  and  sedimentation 
only.  But  for  a  large  city  there  could  hardly  be  aft'orded  settling 
room  for  twice  twenty-four  hours'  supply.  It  would  probably  be 
better  to  allow  an  hour  for  the  subsidence  of  the  nuid,  and  then 
separate  by  rapid  filtration  the  very  slight  amount  of  suspended 
matter  still  remaining.  The  best  size  and  shape  of  tanks  for  the 
preliminary  settling  have  to  be  determined  by  experiment.  I  think 
it  would  be  well  to  have  a  considerable  number  of  them, — twenty  or 
more, — similar  to  the  model  which  I  have  here  (see  drawing).  The 
cylindrical  part  might  be  30  feet  in  diameter  and  25  feet  high,  and 
tiie  conical  bottom  15  feet  deep.  The  lower  portion  is  made  conical 
to  facilitate  the  automatic  discharge  of  the  mud,  and  I  have  found 
that  the  slope  must  be  one  of  not  less  than  45  degrees,  to  allow  the 
sediment  to  slide  down  to  the  point  of  exit.  Hence  the  diameter 
cannot  be  much  greater  than  I  have  specified,  unless  the  bottom  is 
made  into  several  cones  instead  of  the  simple  form  of  one.  The 
discharge  pipe  being  carried  up  from  the  point  of  the  cone  to  within 
a  few  feet  of  the  top  of  the  cylinder,  and  somewhat  higher  than  the 
levee,  the  mud  may  be  disposed  of  by  running  it  back  into  the  river, 
as  it  is  not  worth  saving. 

Of  course,  a  preliminary  sedimentation  necessitates  an  addi- 
tional pumping,  but  this  is  not  so  serious  an  objection  as  one  might 
suppose  at  first  thought,  for,  as  the  crude  water  is  to  be  raised  to 
an  average  height  of  only  about  25  feet,  not  very  much  power  is 
required.  Then,  too,  the  settlers  deliver  the  water  to  the  second 
pumps  under  a  head,  instead  of  requiring  these  to  exert  a  part  of 
their  force  in  suction.  And  it  must  be  remembered  that  the  first 
pumps  alone  have  the  gritty  water  to  contend  with,  and  therefore 
the  chief  wear  comes  on  them,  thus  saving  much  to  the  far  more 
costly  high-pressure  machines,  which  have  to  drive  the  clear  water 
into  the  mains  and  the  reservoirs. 

Whether  there  shall  be  still  a  third  or  intermediate  pumping 
depends  on  the  arrangement  for  completing  the  clarification.     Of 
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course,  the  settled  water  can  be  forced  through  higli-pressure  filters 
directly  into  the  mains,  or  the  filtration  may  be  effected  by  a  sepa- 
rate operation.  I  believe  in  the  division  of  labor,  and  would  there- 
fore, with  some  increase  of  apparatus,  filter  into  a  receptacle  from 
which  the  last  set  of  pumps  would  take  their  constant  supply. 

The  low-pressure  sand  filters  which  are  used  in  Europe  and  in 
some  places  in  this  country  have  proved  effective  in  removing 
bacteria,  as  well  as  the  visible  impurities,  but  the  percolation  must 
be  kept  slow  by  regulating  the  outlet.  Hence  they  must  have  a 
very  large  horizontal  area.  Such  filters  for  us  would  occupy 
several  acres  of  ground, — ten  or  twelve, — and  the  basins  would 
have  to  be  paved  over  the  whole  bottom  and  sides.  Then  the  great 
quantity  of  sand  and  gravel  needed  for  the  beds  must  be  brought 
from  afar.  It  has  been  found  that  when  a  coagulant  is  used  higher 
pressure  is  allowable,  and  so  the  safe  rate  of  working  may  be  greatly 
increased  with  a  corresponding  decrease  of  filtering  surface. 
Therefore,  as"  we  have  to  apply  a  chemical  precipitant,  we  may  as 
well  save  much  space  and  material  by  expending  a  little  power. 

Xot  having  had  the  means  for  experimenting  largely  on  the 
quick  removal  of  the  last  traces  of  suspended!  matter,  I  have  no 
particular  form  of  apparatus  to  recommend  for  this  purpose.  We 
should  "prove  all  things  and  hold  fast  that  which  is  good."  There 
are  numerous-  patented  contrivances  for  rapid  filtration,  and,  if  we 
can  trust  the  statements  of  the  makers,  each  of  them  is  superior  to 
all  the  others. 

Inventors  do  not  always  study  sufficiently  all  the  conditions  of 
the  problem  to  be  solved,  and  they  often  seem  to  exercise  their  wits 
not  so  much  to  find  out  what  is  really  best,  as  to  get  some  new  kind 
of  inlet  or  outlet,  some  more  or  less  complicated  fashion  of  dis- 
tributing the  water  evenly  over  the  bed ;  some  modification  of  the 
false  bottom ;  some  special  form  of  stirrer  to  be  used  during  the 
regular  running,  or  in  the  washing  of  the  bed ;  the  introduction  of 
some  pretended  specific  purifier  into  the  bed  itself ;  some  uncommon 
plan  of  discharging  the  muddy  wash  water,  or  some  convenient 
method  of  mixing  in  a  coagulant,  the  accuracy  of  the  dosing  being 
sacrificed  for  this  professed  gain.  But  novelties  are  not  always 
improvements,  and,  in  fact,  the  really  essential  items  are  not  patent- 
able. AMthout  asking  anybody's  leave,  we  may  filter  downwards 
or  upwards,  or  sidewise,  or  obli(|ucly.  Wa.'^hing  the  filter  by  re- 
versing the  current  of  water  was  in  use  over  fifty  years  ago.  No 
one  can  lay  exclusive  claim  to  any  of  the  materials  cheap  enough  for 
the  bed.  There  are  the  granular  matters,  sand  and  crushed  bone- 
black,  coke,  charcoal  and  metallic  iron.     Of  fibrous  substances  there 
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are  asbestos,  of  long  or  short  fiber,  glass  wool,  slag  wool,  cotton, 
gun  cotton,  hair,  paper  pulp  and  sponge.  In  continuous  sheets  or 
plates  we  may  have  cotton  cloth,  woolen  cloth,  felt,  paper,  porous 
sandstone,  porous  pottery  and  artificial  agglomerations  of  sand, 
fossil  meal  or  granulated  carbon.  All  have  been  used ;  all  are  good, 
but  all,  sooner  or  later,  become  clogged  and  have  to  be  washed  or 
thrown  away  and  replaced  by  new. 

Of  all  these  things,  loose  sand,  being  hard,  unchangeable,  easy 
to  wash  and  cheap,  is  most  suitable  for  operations  on  a  very  large 
scale.  But  it  is  best  fitted  for  downward  filtration,  and  care  must 
be  taken  to  keep  it  always  evenly  distributed  over  the  bed,  for  it  is 
liable  to  gully  out  in  spots  and  leave  by-passages  that  allow  the 
water  to  flow  through  unchanged.  It  needs  watching  therefore, 
and  the  filters  should  be  arranged  so  as  to  make  the  inspection  easy 
at  any  time. 

The  purification  of  our  river  water  is  uncommonly  costly,  and 
some  would  advise  that  for  some  purposes  the  crude  water  be  dis- 
tributed as  at  present  and  the  purified  be  conveyed  through  another 
set  of  pipes.  Experience  in  other  cites  has  shown  that  much  addi- 
tional expense  is  incurred  by  careless  or  wanton  waste.  Here  such 
waste  would  fall  chiefly  on  the  clear  water,  and  clear  water  makes 
up  the  larger  part  of  what  is  wanted.  If  the  extravagance  can  be 
checked  it  w-ould  be  as  well  to  clarify  the  whole,  and  avoid  trouble- 
some complications.  There  can  be  no  doubt  that  even  for  flushing 
the  gutters  and  for  putting  out  fires  clean  water  is  preferable. 
Certainly,  with  this  the  distributing  pipes  will  retain  their  full 
capacity. 

It  has  been  found  very  commonly  that  the  introduction  of 
meters  has  a  wonderful  eft'ect  in  correcting  the  thoughtlessness  of 
consumers.  As  for  gas,  so  for  water,  meters  should  be  put  in 
everywhere,  even  if  it  has  to  be  done  at  the  expense  of  the  city. 
Begin  at  the  outset  with  requiring  or  furnishing  such  checks,  and 
it  will  create  far  less  trouble  than  to  insist  on  them  afterwards. 
Of  course,  there  should  be  a  regular  inspection  of  meters  from 
time  to  time,  to  see  that  they  register  correctly. 

Where  people  in  summer  open  the  faucet  and  let  many  gal- 
lons run  ofif  merely  to  get  a  half-pint  cool  enough  to  drink,  and  in 
winter  allow  a  constant  flow  all  night  to  keep  the  pipes  from  freez- 
ing, a  family  takes  vastly  more  than  its  fair  share.  But  where  the 
water  is  supplied  wholly  or  mostly  by  gravity,  and  needs  no  special 
purification,  they  can  afford  to  be  a  little  wasteful  and  not  restrict 
by  measuring.  Here  pipe  freezing  is  a  great  rarity,  and  water 
drawn  from  the  underground  part  of  the  pipe  is  not  cold  enough  to 
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be  palatable.  And  yet  perhaps  sonic  other  excuses  may  be  found 
for  needlessly  increasing  the  consumption,  unless  there  is  some 
restraining  power.  With  reasonable  checks  fifty  gallons  per  day 
for  each  inhabitant  ought  to  be  ample  allowance,  even  in  our 
climate,  where  a  free  use,  but  not  abuse,  sliouUl  be  encouraged. 

Allow  me  to  say  a  few  words  about  equalizing  the  distribution, 
something  which  past  experience  has  shown  to  be  much  needed. 
As  the  machinist,  between  the  times  of  heaviest  demand,  stores 
power  in  the  fly-wheel,  or  the  hydraulic  accumulator,  so  the  water 
works  pumps  should,  by  constant  running,  secure  a  surplus  in 
reservoirs  of  sufficient  capacity  and  sufficient  elevation  to  tide  over 
sudden  drafts.  We  might  as  well  run  a  force  pump  without  an 
air  chamber  as  water  works  without  storage  places.  But  our  city 
is  peculiarly  situated,  in  that  this  whole  region  is  raised  but  a  little 
above  tide  water,  and  there  is  no  hilly  country  wnthin  reach  to 
furnish  places  for  naturally  elevated  reservoirs.  The  alternative, 
then,  is  to  build  one  or  many  tanks  on  artificial  supports  of  earth, 
iron,  brick  or  stone.  An  earth  foundation  requires  too  great  a 
spread  of  base,  and  we  have  no  stone.  Iron  stand  pipes  could  be 
built  at  least  a  hundred  feet  high,  the  lower  half  of  which  would 
act  merely  as  a  support  for  the  really  used  upper  half.  In  this  case, 
to  have  the  available  portion  hold  over  a  million  gallons,  the  lower 
parts  must  be  of  intractable  thickness  in  order  to  resist  the  tensile 
stress  at  the  circumference,  to  say  nothing  of  the  great  shearing 
force  acting  on  the  rivets  of  the  horizontal  seams.  To  raise  shorter 
tanks  50  feet  high  on  iron  columns  would  be  very  expensive.  The 
easier  and  better  way  might  be  to  build  up  high  brick  walls  and 
arch  work.  Or  there  is  still  another  plan,  perhaps  the  cheapest  of 
all,  and  that  is  to  fill  with  concrete  a  vertical  iron  cylinder  whose 
thickness  need  not  exceed  a  quarter  of  an  inch,  for  there  would  l)e 
no  outward  pressure  after  the  setting  of  the  cement. 

It  is  true  that  the  capacity  of  a  cylindrical  pipe  increases  as  the 
square  of  the  diameter,  wliilc  the  circumference  increases  only  as 
the  diameter.  But  when  the  pipe  is  to  be  filled  with  water,  the 
thickness  of  the  circumference  must  also  increase  as  the  diameter. 
So,  after  reaching  a  large  but  still  manageable  size,  it  would  be 
about  as  well  to  multiply  the  number  of  tanks  instead  of  enlarging 
the  sectional  area.  Several  elevated  tanks  60  feet  in  diameter  and 
50  feet  deep  could  be  distributed  in  different  parts  of  the  city,  so 
that  no  place  would  be  more  than  two  miles  from  one  of  them. 
Then  the  loss  of  head  in  supplying  a  sudden  demand  at  any  spot 
would  be  greatly  diminished.  Then,  too,  the  whole  of  the  pumping 
and  purifying  apparatus  could  be  placed  above  the  city,  where  they 
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certainly  ought  to  be ;  for,  though  the  drainage  on  land  is  mostly 
away  from  the  river,  the  ships  in  port  may  contaminate  the  water 
somewhat. 

The  scheme  which  I  have  thus  hastily  sketched  will  hardly 
strike  some  of  you  favorably  at  first,  but  on  second  thought  I  hope 
it  may  be  found  worthy  of  consideration  and  discussion.  I  would 
by  no  means  say  that  the  work  cannot  be  done,  and  well  done,  by 
other  plans.  Thus,  instead  of  using  the  single  coagulant,  we  could 
get  along  with  lime  and  sulphate  of  aluminum,  or  lime  and  a  normal 
ferric  salt,  provided  we  use  them  in  just  the  right  quantity  and  in 
the  right  w^ay ;  and  the  efifect  would  be  nearly  as  good,  and  the  cost 
perhaps  a  little  less.  In  this,  as  in  many  other  instances,  apparently 
trifling  details  have  an  important  bearing  on  the  results.  Chemi- 
cals must  be  used,  and,  as  the  conditions  vary  somewhat  at  different 
times,  the  constant  supervision  of  a  chemist  is  needed  to  insure  the 
right  quality  of  materials,  the  correct  proportions  and  the  proper; 
manipulation,  for  the  health  and  comfort  of  a  large  population  is  at 
stake.  So  far  as  I  can  learn,  no  one  has  heretofore  adopted  sedi- 
mentation at  rest  between  the  coagulation  and  the  filtration,  and  yet 
I  believe  this  to  be  a  matter  of  no  little  consequence.  In  this  way 
there  is  a  gain  in  time  and  facility  of  getting  rid  of  the  refuse.  In 
letting  the  settling  come  first  there  is  really  no  saving  of  coagulant, 
and  no  other  advantage. 

On  account  of  the  peculiarities  of  our  situation,  we  cannot  copy 
closely  what  others  have  done.  In  the  East  the  ponds  and  rivers  are 
seldom  turbid,  and  the  sources  of  supply  for  many  cities  and  towns 
are  so  high  that  gravity  can  do  most  of  the  w^ork  of  distribution. 
The  cities  on  the  Ohio  have  to  deal  with  a  river  that  is  clear  a  large 
part  of  the  year,  and  coal  there  is  very  cheap.  At  St.  Louis  they 
have  always  the  muddy  Missouri,  not  yet  fully  commingled  with  the 
clear  waters  of  the  upper  Mississippi,  the  Illinois  and  now  of  Lake 
Michigan.  We  have  added  to  all  these  the  drainage  of  an  immense 
area  of  very  diverse  geological  formations,  the  influx  of  the 
Wabash,  Cumberland,  Tennessee,  Yazoo.  White,  Arkansas  and  Red 
Rivers  each  furnishing  its  special  quota  of  dissolved  and  suspended 
matters,  and  in  such  a  way  as  to  keep  up  the  turbidity  of  our  river 
all  the  time.  We  have  much  more  to  contend  with  than  most  other 
cities,  and  must  expect  to  have  trouble  and  to  incur  greater  expense. 
We  must  to  some  extent  strike  out  anew,  boldly  but  prudently,  a:hd 
be  content  to  proceed  slowly,  feeling  the  way  as  we  go.  We  ought 
not  to  be  satisfied  with  any  halfway  measures,  but  should  never 
rest  till  we  have  a  full  supply  of  water,  as  good  as  any  city  can 
boast  of.     The  prime  consideration  should  be  to  make  a  thorough 
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clarification  at  any  rate,  and  the  next  care  should  he  to  reduce  the 
cost  to  the  lowest  possible  terms. 


0  iTT7  5 

Scale  of  Meters 
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Ex.PLANATION    OF   DRAWING. 

For  the  sake  of  giving  a  solid  support,  the  bottom  of  the  settling  tank  w 
is  made  in  steps.  The  conical  form  of  the  interior  is  given  by  filling  these 
steps  with  concrete  i,  and  smoothly  facing  with  cement  k.  The  bottom 
piece  of  the  cone  f  is  made  of  cast  iron. 

Through  the  valve  m  the  mud  runs  into  the  pipe  d,  which  is  furnished 
with  cocks  a,  b,  c,  one  or  another  of  which  may  be  opened  according  to  the 
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density  of  the  semi-fluid  mass.  When  it  is  very  thick  c  will  afford  an  exit, 
and  when  it  is  lighter  b  or  a  may  be  opened.  These  cocks  discharge  into  a 
pipe  not  shown  in  the  drawing,  throvigh  which  the  waste  flows  back  to  the 
river. 

The  outlet  valve  g,  and  the  inlet  valve  h  are  placed  on  a  slant  so  that  no 
mud  will  lodge  in  them  during  the  settling. 

The  passageway  underneath  is  partly  covered  by  the  brick  arches  e. 

The  main  supply  pipe  r,  and  the  main  exit  pipe  s  may  be  placed  under- 
ground, or  above  ground. 

Should  the  water  be  found  to  require  a  more  thorough  stirring  than  it 
gets  during  the  inflow,  air  can  be  blown  in  through  a  pipe  extending  half- 
way down  the  cone. 

It  would  not  be  worth  the  while  for  the  city  to  improve  the 
water  still  further  by  making  it  soft,  though  this  can  be  done  by 
precipitating  the  most  of  the  lime  and  magnesia  with  a  mixture  of 
sodium  phosphate  and  caustic  soda.  Consumers  who  have  a  tender 
regard  for  their  complexion  or  a  desire  to  save  soap  can  themselves 
secure  a  more  satisfactory  washing  water  in  this  way  and  with  very 
little  trouble,  for  settling  over  night  completes  the  purification. 
Were  the  demand  sufficient,  the  material  could  be  afforded  at  low 
price,  and  then  our  cumbrous  rain  water  cisterns  might  give  place 
to  conveniently  disposed  precipitating  tanks. 
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NOTIvS    ON    THE   UKLATION    liiyiWEEX   THE   GEOLOGY 

or  THE  soriu'Es  or  wateu  supply 

AM>    DISEASE. 


By   Marsden   !^Iaxson,   ]\Iember  Technical   Society  of  the   Pacific 

Coast. 


[Read  before  the  Society  April  7,  1899.*] 

During  the  past  few  years  the  writer  has  had  occasion  to  visit 
various  parts  of  the  State,  and  the  idea  presented  itself  that  it 
might  be  desirable  to  ascertain  as  far  as  possible  certain  facts  with 
regard  to  the  water  supply  and  filth  diseases  of  the  various  towns. 
Time  did  not  permit  of  gathering  more  than  a  general  idea  of  local 
conditions,  so  the  opportunities  for  getting  detailed  or  extended 
data  were  not  favorable.  The  main  impressions  derived  from  these 
notes  are  presented  now  in  crude  form  with  the  hope  that  interest 
may  be  awakened  in  the  subject,  and  that  other  members  of  the 
profession  may  extend  this  examination.  At  some  future  time  the 
writer  may  be  able  to  give  the  results  in  more  detailed  form,  and 
to  present  features  which  cannot  now  be  discussed. 

The  mode  of  procedure  was  simple,  and  consisted  in  an  exami- 
nation of  the  supply,  closely  questioning  those  in  charge  and  visit- 
ing and  questioning  the  local  physicians,  who  in  all  instances  gave 
valuable  information.  To  these  gentlemen,  and  particularly  to  the 
physicians,  the  writer  is  much  indebted.  It  soon  became  apparent 
that  there  was  a  certain  recurrence  of  special  types  of  disease  in 
widely  separated  localities,  and  that  some  similarity  in  the  water 
caused  this  recurrence.  Certain  diseases  not  especially  recognized 
as  water  borne  were  first  noted.  Water-borne  diseases  are  notably 
from  organic  contaminations,  and  sewage  influences  dwarf  all  other 
sources  of  contamination ;  yet  the  cumulative  effects  of  mineral 
impurities  cannot  be  neglected. 

The  geology  of  the  source  determines  the  nature  of  these  im- 
purities, and  influences  the  mode  and  rate  of  organic  contamina- 
tions ;  it  therefore  becomes  an  important  factor  in  water  supply.  It 
has  long  been  known  that  a  deficiency  of  bicarbonate  of  lime  in 
domestic  water  was  not  desirable  for  infants  and  growing  youtli, 
which  deficiency  has  to  be  remedied  by  the  addition  of  lime-salts  to 
give  sufficient  material  for  bones  and  teeth ;  also  that  this  water 
was  desirable  for  adults  and  elderly  people,  instances  of  this  are 
Portland,  Ore.,  and  Glasgow,  Scotland.  An  excess  of  this  salt  can 
readily  be  utilized  or  eliminated  in  'youth,  but  induces  certain  dis- 
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eases  of  the  joints  and  urinary  organs  and  the  deposition  of  Hme  in 
the  tissues  in  middle  and  later  life. 

Between  these  wide  extremes  there  are  many  delicately  bal- 
anced conditions  not  always  readily  recognized,  but  becoming 
apparent  after  long  use  when  carefully  studied.  In  many  parts  of 
California  water  is  too  dear  a  necessity  to  criticise  from  a  sanitary 
standpoint,  unless  it  is  so  dangerous  as  to  cause  an  excessive  death 
rate ;  and  even  then  most  communities  are  content  to  await  the  for- 
tunate return  of  favorable  conditions  rather  than  incur  any  expense 
in  correcting  the  evils.  Again,  the  diseases  are  sometimes  so  in- 
sidious that  they  become  apparent  only  to  the  observing  physician 
of  long  practice.     Interesting  instances  of  this  will  be  given  later. 

It  will  be  necessary  also,  before  taking  up  special  types,  to  refer 
to  the  very  marked  dilTerence  between  the  geology  of  the  Sierras 
and  that  of  the  Coast  Range,  and  of  the  influence  of  this  difference 
upon  the  water  from  each.  The  Sierras  are  principally  granites, 
syenites,  the  harder  slates,  silicious  rocks  and  insoluble  lavas.  The 
Coast  Range  is  composed  of  much  softer  rocks,  which  contain  more 
soluble  mineral  matter,  particularly  salts  of  magnesia,  soda,  lime, 
alumina,  etc.  These  differences  are  further  intensified  by  the 
greater  precipitation  upon  the  Sierras  having  leeched  out  the  soluble 
salts  and  cut  down  the  streams  into  harder  materials.  In  each 
range  there  are  also  localities  which  partake  of  the  nature  of  the 
other ;  thus  the  northern  and  central  groups  of  the  Coast  Range  are 
granitic  and  yield  waters  resembling  those  of  the  Sierras,  and  por- 
tions of  the  Sierras  yield  waters  in  which  there  is  an  abundance  of 
mineral  salts. 

These  differences  in  geological  formation  give  rise  to  marked 
differences  in  the  waters  from  the  two  ranges,  those  from  the 
Sierras  frequently  having  as  low  as  five  or  six  grains  of  mineral 
matter  to  the  gallon,  and  those  from  the  Coast  Range  sometimes 
contain  ten  to  forty  times  this  amount. 

Apart  from  organic  contamination,  these  latter  waters,  when 
highly  charged  with  mineral  salts,  produce  after  long  use  certain 
types  of  malnutrition  and  indigestion,  inflammation  of  the  kidneys 
and  bladder,  and  if  deficient  in  lime,  as  is  sometimes  the  case, 
young  people,  and  even  children,  lose  their  teeth. 

This  latter  trouble  was  particularly  noted  in  Owens  Valley, 
where  on  one  side  w^ater  fairly  abundant  in  lime  occurs  and  on  the 
other  side  its  place  is  taken  by  soda,  magnesia  and  alumina,  like 
some  of  the  Coast  Range  waters.  The  dentist  practicing  in  this 
region  gave  it  as  the  result  of  years  of  observation  that  his  practice 
was  principally  confined  to  middle-aged  and  elderly  people  on  the 
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side  of  the  valley  in  which  salts  of  lime  occurred,  but  embraced 
children  as  young  as  thirteen  years  of  age  on  the  side  in  which 
lime  was  deficient. 

A  similar  water  was  encountered  in  \^acaville.  One  of  the 
physicians  here,  upon  being  asked  about  the  types  of  disease  inci- 
dent to  the  water  supply,  at  once  came  to  the  defense  of  the  locality 
as  regards  malarial  troubles,  and  fully  explained  that  the  few  cases 
occurring  were  due  to  special  conditions  or  were  "imported" ;  but 
when  asked  regarding  the  occurrence  of  kidney  or  bladder  trouble, 
of  which  he  had  had  severe  cases,  admitted  that  he  could  account 
for  some  of  these  cases  only  upon  the  assumption  that  they  were 
due  to  the  continuous  use  of  water  containing  an  excess  of  the 
salts  of  magnesia,  soda,  alumina,  etc.,  and  to  the  w^eakening  of  these 
organs  in  eliminating  these  salts. 

Water  from  shallow-  deposits  of  quaternary  and  recent  gravels 
and  soils  are  always  dangerous ;  not  by  reason  of  their  soluble  salts, 
but  for  the  ease  with  which  these  formations  permit  organic  con- 
taminations to  pass  through  them.  It  does  not  matter  at  what  eleva- 
tion above  tide  they  occur,  distinct  types  of  disease  follow  them, 
partly  due  to  the  two  causes  above  mentioned.  In  low  elevations 
malarial  fevers  predominate.  In  elevated  regions  this  takes  the 
form  known  as  "mountain  fever,"  the  two  being,  so  far  as  the 
writer  can  determine,  analogous. 

In  some  instances,  as  in  many  of  the  foothill  towns,  the  purest 
and  best  of  water  is  turned  out  from  the  streams  of  the  high  Sierras 
and  conducted  along  slow-flowing  ditches  in  surface  soils  and  stored 
in  shallow  service  reservoirs  of  recent  geological  formation,  and 
hence  favorable  to  organic  contamination.  The  result  is  that  per- 
sistent cases  of  low  gastric  fevers  and  diarrhea  occur  every  autumn 
due  directly  to  organic  contamination,  but  augmented  by  geological 
formations  traversed  and  utilized.  This  is  the  most  universal  type 
of  abuse  of  good  water  that  one  comes  in  contact  with  throughout 
the  State,  except  the  direct  contamination  of  the  soil  adjacent  to 
surface  waters  used  for  domestic  purposes. 

It  is  very  difficult  to  convince  the  general  public  using  these 
supplies  of  the  evils  of  these  contaminations.  No  more  fertile  field 
is  open  to  the  engineering  profession  than  a  systematic  endeavor  to 
bring  before  the  people  simple  and  practical  means  of  correcting 
these  gross  violations  of  the  laws  of  cleanliness  and  health.  The 
degree  of  ignorance  and  prejudice  to  be  encountered  is  great,  and  to 
be  successfully  overcome  will  need  the  aid  of  the  Universities  and 
of  the  Legislature. 
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Water  from  deep  gravel  and  sand  is  generally  free  from  dan- 
gerous organic  impurities,  but  is  likely  to  be  heavily  charged  with 
mineral  salts ;  where  a  change  has  been  made  from  one  source,  sur- 
face supply,  to  deep  strata  or  artesian  water  a  change  in  health  has 
occurred.  An  attempt  was  made  to  trace  the  effect  of  this  change 
through  the  introduction  of  those  diseases  incident  to  an  increase  of 
mineral  matter,  but  this  attempt  was  not  successful,  although  two 
localities  were  found  where  the  conditions  might  be  considered 
favorable.  Full  data  for  the  determination  of  this  ii'teresting  point 
are  not  now  available,  and  the  scattered  data  which  could  be  given 
would  probably  be  misleading. 

The  kindred  subject  of  the  great  improvement  of  health  by  the 
introduction  of  better  water  supply  was  frequently  noted,  but  is 
foreign  to  the  innnediate  subject  of  these  notes. 

A  marked  instance  of  the  influence  of  the  geological  formation 
in  aft'ording  very  favorable  conditions  for  correcting  the  effect  of 
contamination  was  noted  in  Chico. 

The  case  was  simple  enough  when  once  traced,  and  really 
amountetl  to  nothing  more  than  changing  the  intake  of  a  pipe  above 
the  source  of  contamination,  which  if  occurring  above  ground 
would  be  considered  a  simple  and  common  sense  remedy ;  but 
occurring  in  this  case  underground,  in  a  slow-flowing  broad  stratum 
of  water  in  coarse  sand  and  gravel,  and  having  caused  years  of 
sickness  and  a  rich  harvest  to  the  medical  profession,  it  becomes  of 
more  than  passing  interest.  Besides,  it  aft'ords  a  valuable  lesson  to 
those  whose  stupidly  set  notions  will  not  permit  a  proper  regard  for 
the  health  of  a  community  to  interfere  with  their  income. 

The  town  of  Chico  is  situated  on  the  east  side  of  the  \'alley  of 
California,  near  the  base  of  the  foothills.  The  valley  slopes  gently 
to  the  west.  The  soil  is  a  sandy  loam,  under  which  exists  a  gravelly 
stratum  carrying  an  excellent  quality  of  water,  easily  tapped  by 
reason  of  its  uniform  distribution,  and  aft'ording.  by  reason  of  the 
simplicity  of  the  formation,  ready  means  of  disseminating  con- 
tamination. 

The  water  supply  was.  until  some  years  since,  obtained  by  tap- 
ping this  stratum  at  the  western  or  lower  edge  of  the  town  and 
pumping  it  into  elevated  tanks,  from  which  it  was  distributed  by 
pipes.  Fecal  matter  was,  and  is  now,  disposed  of  in  pits  sunk  into 
the  porous  soil,  and  when  full  or  clogged  up  a  new  pit  was  dug 
adjacent  to  the  old.  To  such  an  extent  has  this  been  carried  that 
in  some  backyards  nearly  every  part  has  been  contaminated. 

As  a  natural  result  the  water  supply  in  the  stratum  below 
became  grossly  contaminated,  and  for  years  the  health  of  the  town 
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was  extremely  poor.  The  death  rate  wa.s  not  aljiiormally  high, 
hut  the  occurrence  of  insidious  forms  of  gastric  diseases  was  exces- 
sivCt  One  physician  stated  tliat  liis  monthly  cash  receipts  were 
about  $1800,  besides  accounts,  which  were  slowly  collected  or  de- 
layed indefinitely. 

d'^inally  the  intake  of  the  water  works,  or  the  pump,  was  shifted 
to  a  new  well  on  the  eastern  or  upper  side  of  the  town,  and  these 
diseases  disappeared  as  if  by  magic.  The  physician  whose  monthly 
receipts  were  $1800  had  a  decrease  which  reduced  him  to  $800  a 
year,  although  he  still  attended  the  same  percentage  of  sick  which 
he  previously  had,  only  the  number  of  patients  which  required  the 
attention  of  the  medical  profession  was  reduced  by  eleven  out  of 
every  twelve  sick.  This,  as  partly  explained  above,  was  due  to  the 
simple  expedient  of  changing  the  intake  to  a  point  above  the  con- 
tamination, but,  being  underground  and  out  of  sight,  it  took  years 
to  convince  the  people  of  the  necessity  of  the  change,  and  in  the 
meanwhile  thousands  of  cases  of  sickness  occurred  each  year  for 
the  want  of  a  common  sense  view  of  the  geology  of  the  locality  and 
its  influence  on  the  rate  of  pollution  of  the  water  supply. 

The  geological  formations  of  the  great  \'alley  of  California 
are  very  interesting  to  study,  especially  in  their  influence  upon  the 
water  supply. 

The  strata  of  this  valley  are  complex,  and  are  only  known  from 
the  deep  borings  made  in  groups,  particularly  in  the  southern  half. 
These  when  platted  show  that  there  is  a  semblance  of  stratification, 
and  that  the  strata  alternate  in  clays,  sands,  gravel  and  even  cobble- 
stone. 

This  depression  in  the  crust  is  filled  up  in  places  for  more  than 
half  a  mile  with  these  alternating  layers.  An  approximate  estimate 
of  the  volume  between  bedrock  and  the  400-foot  contour  above  sea 
level  shows  that  certainly  four,  and  probably  six  or  eight,  thousand 
cubic  miles  of  material  has  been  denuded  from  adjacent  watersheds. 

The  lx)rings  into  these  strata  yield  w-aters  of  very  widely  vary- 
ing character.  Those  near  the  surface  are  generally  dangerous, 
from  organic  contaminations.  Those  from  a  few  hundred  feet 
below  the  surface  are  ordinarily  good. 

From  depths  of  a  quarter  mile,  or  even  less,  they  are  sometimes 
charged  with  mineral  matter  to  such  an  extent  as  to  render  them 
unfit  not  only  for  domestic  purposes,  but  even  for  irrigation.  At 
these  depths,  however,  they  hold  another  mineral  ingredient,  light 
carburetted  hydrogen,  in  such  abundance  that  it  is  collected  as 
natural  gas  in  Stockton  and  Sacramento,  and  largely  controls  the 
price  of  fuel  and  light  in  these  cities. 
29 
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A  very  abundant  class  of  waters  cannot  be  more  than  briefly 
referred  to, — namely,  "mineral"  waters.  These  are  numerous,  and 
of  great  variety ;  some  highly  valuable  for  medical  properties, 
others  useless,  or  even  dangerous.  The  springs  occurring  along 
the  great  fault  from  Kern  County  into  Nevada  and  Oregon  and 
others  near  faults  or  recent  lava  outbursts  are  frequently  hot  or 
boiling.  They  are  sometimes  charged  so  highly  with  mineral  mat- 
ter that  their  use,  except  for  periodic  bathing,  is  limited.  All  of 
their  ingredients  and  temperatures  are  controlled  by  the  geological 
formations  in  which  they  occur.  The  general  conclusions  were 
that  not  only  do  the  geological  conditions  influence  the  medical 
value  of  waters,  but  that  they  have  a  deeper  interest  to  the  engineer, 
in  that  they  directly  and  indirectly  influence  the  sanitary  value  of 
the  water. 

Directly  by  charging  the  waters  with  small  quantities  of  certain 
salts  injurious  to  the  human  system  when  continuously  used,  and 
by  the  absence  of  salts  of  lime  depriving  the  system  of  an  ingredient 
needful  in  early  life. 

Indirectly  by  affording  conditions  which  render  organic  con- 
tamination more  or  less  easy  to  accomplish. 

These  conclusions,  it  may  be  said,  could  have  been  predicated 
before  and  for  any  area,  but  their  local  application  over  so  broad  a 
field  as  California  is  an  interesting  and  useful  study,  and  one  which 
warrants  your  best  efforts.  It  is  by  no  means  as  important  as  the 
removal  or  suppression  of  organic  impurities,  but  it  is  nevertheless 
an  issue  of  considerable  moment  and  one  the  engineer  cannot  aft'ord 
to  overlook. 
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[Read  before  the  Club  April  23,  1900.*] 

In  1889,  on  the  8th  day  of  May,  the  author  had  the  honor  of 
reading  a  paper  entitled  "San  Bias  Canal  versus  Panama  Canal, 
and  Sea  Level  versus  Locks."  In  that  paper  (published  on  page 
345  of  Vol.  VIII  of  the  Journal  of  the  Association  of  Engi- 
neering Societies)  he  endeavored  to  state  clearly  the  superiority 
of  the  location  at  San  Bias  over  that  at  Panama,  and  also  over  that 
at  Nicaragua,  on  the  ground  that  "sea  level  or  nothing''  (as  the 
lamented  de  Lesseps  himself  declared)  is  the  one  thing  needful  to 
seek  after.  Such  being  the  case,  it  follows  that  the  Nicaragua 
route  becomes  necessarily  excluded  from  consideration,  for  it  is 
conceded  by  all  that  nothing  but  a  lock  system  is  possible  for  that 
route.  This  limits  the  discussion  to  the  Panama  route,  and  also  to 
the  route  that  is  the  subject  of  this  paper, — to  wit,  the  San  Bias 
route,  whose  Pacific  terminus  is  about  30  miles  due  east  of  the  city 
of  Panama. 

Locks  intrinsically  are  expensive.  They  necessitate  a  summit 
level  that  must  be  constantly  supplied  to  full  capacity  with  feed 
w'ater.  In  their  use  considerable  loss  of  time  is  incurred.  On  the 
other  hand,  a  sea  level  canal  requires  an  enormous  quantity  of 
excavation.  This,  however,  is  simply  a  matter  of  cubic  yards,  gen- 
erally of  rock  at  the  deepest  part  of  excavation  through  the  back- 
bone ridge  or  divide.  Yet,  when  completed  to  sea  level,  no  loss  of 
time  ensues  other  than  that  due  to  formal  delays  in  entering  and 
leaving  the  canal  and  in  passing  the  tidal  locks,  and  also  to  the 
necessary  slackening  of  speed  in  the  passage. 

Xow,  if  sea  level  is  so  desirable,  it  is  proper  to  ask,  ''\\'hat  is 
the  matter  with  the  Panama  route,  only  49  miles  long,  having  a 
maximum  altitude  of  less  than  400  feet  above  sea  level?"  In  reply, 
I  would  say  that,  in  spite  of  these  apparent  advantages,  newspaper 
reports,  amply  corroborated,  have  made  us  all  aware  of  the  floods 
from  the  Chagres  River,  largely  undoing  work  as  fast  as  it  pro- 
gresses. The  line  of  canal  closely  follows  the  Panama  Railroad, 
and  crosses  the  Chagres  River  and  the  Rio  Grande  many  times.  It 
is  clearly  seen  how  difficult  it  is  to  control  these  rivers,  especially 
when  the  canal  becomes  excavated  heloiv  the  present  bottoms  of 
these  rivers.     As  we  all  know,  the  present  plan  is  to  abandon  the 

*Manuscript  received  May  14.  1900. — Secretary,  Ass'n  of  Eng.  Socs. 
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sea  level  project  and  have  locks,  with  a  summit  level  of  125  feet 
altitude,  for  a  length  of  21  miles.  It  is  now  claimed  that  on  this 
basis  the  canal  can  be  completed  for  a  less  amount  of  money  than 
the  sum  already  expended.  And  now  comes  the  very  point  on 
which  I  advocate  the  San  Bias  route.  This,  I  will  show,  can  be 
completed  on  a  sea  level  basis  for  less  than  the  sum  necessary  to 
complete  the  Panama  canal  on  a  lock  system  basis. 

To  present  the  merits  of  the  San  Bias  route  with  comparative 
clearness  I  now  rewrite  a  part  of  my  previous  paper  on  this  subject. 
The  San  Bias  route,  whose  Pacilic  terminus  is  only  about  30  miles 
due  east  of  the  city  of  Panama,  has  been  rarely  mentioned,  on 
account  of  just  one  objection.  This  is  a  tunnel  seven  miles  long*. 
But  wlwt  and  zvhcrc  is  this  route?  Let  us  examine  it  briefly.  I 
have  the  honor  to  refer  to  the  eminent  W.  W.  Evans,  in  an  article 
by  him  on  the  subject,  from  which  I  quote : 

'T  will  confine  myself  to  three  predictions :  First,  that  the 
de  Lesseps  canal,  as  a  sea  level  canal,  will  never  l^e  built;  second, 
that  the  Nicaragua  canal  will  be  built,  and  by  our  own  Government 
or  people;  and,  tliird,  that  when  the  great  importance  of  this  water 
line  to  the  world,  and  more  particularly  to  our  world,  is  once  proved 
by  the  Nicaragua  canal,  then  there  will  be  a  sea  level  canal  built  ou' 
the  San  Bias  route,  where  it  sJionld  Jiavc  been  built  in  tlie  first 
place.  It  presents  the  shortest  route  from  ocean  to  ocean ;  it  can  be 
cut  in  one  straight  line,  without  a  curve ;  it  is  not  on  a  line  of  drain- 
age;  it  has  good  harbors  at  each  end ;  it  can.  be  traversed  in  less 
than  one  day;  it  is  //;  a  comparatively  healthy  region;  it  has  every 
point  in  its  favor  but  one, — namely,  a  tunnel  big  enough  to  pass  a 
ship.  And  it  has  not  yet  got  through  the  craniums  of  those  wnse 
men  who  have  been  sitting  on  this  problem  for  so  long  a  time,  try- 
ing to  hatch  out  something,  that  it  is  as  easy  to  cut  a  ship  tunnel  as 
to  cut  a  railway  tunnel ;  they  only  differ  in  cjuantity.  And,  as 
regards  this  very  tunnel,  there  is  not  as  much  rock  to  be  removed 
as  there  was  in  the  'Des  Aquadero,'  near  the  City  of  Mexico,  which 
the  Spaniards  cut  merely  as  a  precaution  nearly  two  hundred  years 
ago,  when  their  tools,  their  blasting  compounds  and  their  engineer- 
ing knowledge  were  a  mere  bagatelle  to  what  we  now  have  at 
command." 

I  will  now  give  a  little  information  derived  from  an  article  in 
Van  Nostrand's  Magazine  of  June,  1869.  A  survey  of  the  route  was 
made  in  1863,  and  a  report  in  1864,  on  behalf  of  Mr.  Fred.  ?^I.  Kelly 
and  others,  of  New  York  city,  imder  the  direction  of  A.  ]McDougall, 
of  Massachusetts,  now  deceased,  as  chief  engineer,  and  Charles  A. 
Sweet,  of  Syracuse,  N.  Y.,  as  principal  assistant.     According  to 
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this  survey,  the  length  of  route  from  coast  to  coast  is  30.03  miles. 
It  extends  from  Chepillo  Island,  on  the  Pacific  coast  (about  30 
miles  east  of  Panama),  to  the  Gulf  of  San  Bias,  on  the  Atlantic 
side.  For  convenience,  the  work  may  be  divided  into  four  sections."^' 
Section  i  extends  from  Chepillo  Island  to  "Paneas,"  on  the 
Bayano  River,  and  is  lo.ioi  miles  long.  Work  required — a  com- 
posite dam  across  the  river  at  the  Great  Bend  of  the  same ;  a  tidal 
lock  at  the  Great  Bend,  with  walls  45^  feet  high ;  a  short  canal  cut 
across  the  Bend ;  removal  of  sandbars  in  Pacific  harbor  and  in 
Bayano  River,  and  a  lighthouse  at  Chepillo  Island.  Estimated  cost, 
including  draining,  chopping,  earth  and  river  excavation,  embank- 
ment, masonry,  labor,  materials,  etc. : 

Removal  of  I)ars ; $136,684 

Lighthouse   12.000 

Tidal  Lock  675,844 

Composite    dam 174.631 

Great  Bend  cut 209.835 

Total    $1,208,994 

Section  2  is  a  canal  from  Bayano  River,  at  "Paneas,"  to  the 
south  end  of  tunnel,  and  is  8.996  miles  long.  The  work  consists  of 
the  canal  proper,  and  a  new  channel  for  the  Mamoni  River  (crossed 
by  route  of  canal),  about  3.6  miles  long.     Estimate  of  cost: 

Canal,   inclusive  of  bailing,   draining,   chopping,    excavation,   em- 
bankment, puddling,  etc $13,033,943 

New  channel  for  Mamoni  River 115.752 

Total   $13,149,695 

Section  3  is  a  tunnel  through  the  Cordilleras  7  miles  long. 
This  is  exclusively  rock  excavation.  It  consists  of  a  canal  of  25 
feet  depth  of  water,  a  perpendicular  excavation  of  29  feet  above 
n-ater  surface  on  either  side,  from  which  springs  an  arch,  forming 
the  roof,  and  sufiiciently  high  to  pass  over  and  clear  the  tallest 
masts.  This  section,  at  $2.50  per  cubic  yard,  is  estimated  at 
$29,316,067. 

Section  4  extends  from  the  north  end  of  tunnel  to  25  feet  depth 
of  water  in  the  Gulf  of  San  Bias,  on  the  Atlantic  side,  and  is  3.073 
miles.     The  work  consists  of  the  canal  proper,  a  lock  with  9  feet 

*The  map  appended  hereto  is  from  the  "Reports  of  Explorations  and 
Surveys  to  Ascertain  the  Practicabilit}'  of  a  Ship  Canal  between  the  Atlantic 
and  Pacific  Oceans  by  the  Way  of  the  Isthmus  of  Darien,"  by  Thos.  Oliver 
Selfridge.  Commander  V.  S.  Navy.  Washington,  D.  C,  1874. 
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fall  and  walls  38^  feet  high,  and  a  lighthouse  on  San  Bias  Point. 
Estimate  of  cost  is : 

Canal  $11,234,318 

Lock  No.  2  or  lift-lock 506,017 

Lighthouse   12,000 

Total    $11,752,335 

SUMMARY. 

Section  i  equals  lo.ioi  miles  at  an  estimated  cost  of $1,208,994 

2  ••         8.996     "        "              "                "      13,149,695 

3  "         7-000    "        "              "                "     29,316,067 

4  "         3-073     "        "              "                "     11,752,335 

Total  equals  29.170     "        "  "  "      $55,427,091 

Engineering  and  contingencies  (10  per  cent.) 5,542,709 

Medical   and   military  aid,   etc.,    interest   on   capital    during   con- 
struction and  transportation   32,500,000 

Total   $93,469,800 

This  estimate  is  based  upon  a  canal  having  (except  in  tunnel) 
a  surface  width  of  143  feet ;  at  the  bottom  a  width  of  100  feet,  and 
25  feet  depth  of  water.  A  second  and  cheaper  estimate,  on  a 
smaller  size  of  canal,  is  also  given,  which  I  shall  not  here  repeat. 
Summed  up,  the  general  facts  are :  Entire  route,  except  near  the 
mountains,  is  nearly  level;  summit  of  Cordilleras  varies  under  and 
over  1200  feet  above  the  sea;  entire  canal  to  be  fed  from  Pacific 
Ocean,  and  water  maintained  at  the  level  of  ordinary  high  tide  on 
the  Pacific  side.  Tides  on  the  Pacific  side  rise  from  12.65  ^o  22 
feet  for  highest.  On  the  Atlantic  side  there  is  from  i  to  i^-  feet 
from  ebb  to  fllow. 

In  an  article  in  the  Journal  of  the  Association  of  Engi- 
neering Societies  for  August,  1886  (Vol.  V,  pages  367  to  382), 
it  is  stated  that  an  approximate  estimate  of  work  done  on  the 
Panama  canal  and  work  still  to  do  to  complete  the  same  in  eight 
years  (1894),  in  total,  amoimts,  in  round  numbers,  with  interest  on 
same,  to  $800,000,000.  Now  put  these  figures  (amended  by  a 
lessening  of  amount  to  suit  the  transformation  of  basis  from  sea 
level  to  lock  system)  against  the  preceding  estimate  for  the  San 
Bias  route,  and  there  is  no  doubt  as  to  the  best  route.  Take,  alone, 
jVIr.  Evans's  reasons,  "that  it  is  not  on  a  line  of  drainage;  no 
Chagres  problem  to  contend  with;  a  good  harbor  at  each  end"  [the 
Panama  terminal  harbors  have  been  artificially  constructed  (1900)], 
and  these,  coupled  with  his  other  reasons,  are  sufficient  to  favor  the 
San  Bias  route. 
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And  now  what  about  the  chief  objection  to  said  route, — to  w-it, 
a  tunnel  large  and  tall  enough  to  float  the  largest  ships?  Is  that 
enough  to  condemn  a  route  when  every  other  argument  is  in  its 
favor?  Has  not  the  science  of  tunneling  advanced  to  such  an 
extent  in  the  last  half-century  as  to  overcome  most  obstacles? 
Then,  too,  the  work  in  tunnel  is  admirably  suited  to  a  tropical 
climate,  because  work  can  l)e  uninterruptedly  performed  in  all 
weathers.  A  temporary  auxiliary  railroad  can  easily  be  provided 
to  haul  tunnel  contents  to  either  end  for  filling.  The  map  here- 
with shows  a  stream  crossing  the  line  of  tunnel  in  a  depression 
between  two  ridges  of  the  Cordilleras.  This  possibly  might  be 
utilized  to  generate  electricity  for  lights  to  be  placed  in  tunnel  when 
completed.  Hie  licad  above  the  canal  is  sufficient  to  give  the  power 
"o  a  small  turbine  placed  in  a  shaft  sunk  to  one  side  of  canal,  and 
receiving  water  tlirough  a  pipe  from  said  stream  and  passing  same 
in  pipe  down  shaft  to  turbine,  and  then  outletting  the  tail  race  pipe 
into  canal,  thus  generating  the  power  to  drive  dynamos  for  the 
electric  light  in  tunnel. 

The  "line  of  no  drainage"  is  all-important,  even  if  the  divide 
has  an  altitude  of  1142  feet  above  the  sea,  instead  of  less  than  400 
feet,  as  on  the  Panama  route.  The  greater  quantity  of  dry  excava- 
tion, or  at  least  the  non-interference  of  any  such  river  as  the 
Chagres.  will,  I  am  sure,  be  found  far  less  expensive  totally  than  a 
ridge  of  half  that  altitude,  but  reeking  with  moisture,  and,  as  work 
progresses,  to  far  belozv  the  level  of  adjacent  rivers  that  must  be 
taken  care  of,  and  whose  elevation  is  far  above  the  canal ;  and  the 
danger  ever  present  of  sudden  floods  (peculiar  to  the  rivers  of  th:^ 
isthmus),  driving  every  barrier  away  and  undoing  in  a  few  minutes 
the  work  of  many  months. 

"^\'ith  the  political  phases  of  the  question  I  think  the  enginet-r 
has  but  little  to  do.  Still,  we  may  not  ignore  them,  for  politic.i 
reasons  and  urgencies  point  out  very  clearly  the  comparative  merits 
of  various  routes.  For  instance,  in  our  Jatc  war  with  Spain,  when 
our  fine  vessel,  the  "Oregon,"  was  beating  her  own  record  from 
the  Pacific,  through  the  Straits  of  Magellan,  to  reinforce  our  gal- 
lant navy  in  the  Caribbean  Sea.  and  running  the  danger  of  en- 
countering the  Spanish  fleet  of  Cervera,  thousands  of  miles  would 
have  been  saved,  as  well  as  valuable  time.  One  day  would  sufiice 
for  passing  through  the  sea  level  canal  of  San  Bias.  A  longer  time 
than  one  day  would  be  required  for  a  Panama  sea  level  canal ;  still 
longer  for  a  Panama  lock  canal,  and  longer  yet  for  Nicaragua. 
Even  admitting  that  Nicaragua  is  a  longer  route,  and  that  three  or 
four  days  might  be  necessary  there,  compare  even  the  Nicaragua 
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route  with  the  longer  journey  around  South  America,  and  none 
could  deny  that  we  must  have  a  canal  of  some  sort.  I  am  very 
hopeful  of  the  commission  now  investigating  by  surveys  of  territory 
contiguous  to  all  three  routes.  If  their  work  is  properly  done  (and 
I  believe  it  will  be)  data  may  develop  that  may  produce  and  show 
clearly  a  better  route ;  that  is  to  say,  the  San  Bias  route,  or  even  a 
better  one  not  far  from  same.  The  commission,  I  understand,  will 
spend  some  time  at  their  labors,  and  when  finished  the  result  of 
their  topographical  researches  will  be  awaited  with  great  interest 
and  eager  expectations. 

I  will  now  give  some  extracts  from  an  article  germane  to  the 
subject  appearing  in  the  National  Geographic  Magazine,  of  Wash- 
ington, D.  C,  by  Robert  T.  Hill,  of  the  United  States  Geological 
Survey.  The  article  is  entitled  "The  Panama  Canal  Route,"  and  is 
found  on  pages  60,  etc.,  of  Vol.  VII  of  the  above  magazine.  I  will 
confine  my  quotations  from  this  article  to  Mr.  Hill's  statement  of 
reasons  why  the  Panama  route  is  more  feasible  than  that  of 
Nicaragua,  and  then  state  his  comparative  estimated  costs,  in  tabu- 
lar form,  of  each  route  (assuming  the  Panama  route  to  have  the 
lock  system).  And,  while  quoting  his  table,  I  propose  to  parallel 
the  same  with  the  figures  just  shown  in  favor  of  the  San  Bias  route 
on  a  sea  level  basis,  and  in  spite  of  the  fact  of  the  tunnel  7  miles 
long : 

"In  the  meantime,  what  are  the  principal  facts  concerning  the 
feasibility  of  the  Panama  route? 

1.  "It  is  the  shortest  of  all,  being  only  42^  miles  from  sea  to 
sea,  across  about  20  miles  of  which  the  canal  has  been  completed  to 
28  feet  below  sea  level,  making  the  actual  present  distance  between 
the  two  oceans  less  than  25  English  miles,  or  about  one-seventh  of 
the  actual  distance  (170  miles)  to  be  overcome  between  Greytown 
and  San  Juan,  in  the  case  of  the  Nicaragua  route."  (The  San 
Bias  route  is  only  29.17  miles  long.) 

2.  "It  is  the  only  possible  tide-water  route  in  the  whole 
isthmian  region.  To  accomplish  this  it  would,  it  is  true,  require 
great  engineering  and  constructional  feats,  but  in  no  respect  im- 
possible ones."  (The  San  Bias  route,  only  30  miles  to  the  east  of 
Panama  route,  can  be  constructed,  whether  the  7  miles  be  in  open 
cut  1 1 50  feet  deep  or  in  tunnel,  without  any  serious  engineering 
gymnastics  by  adopting  cantilever  filters,  etc.,  such  as  have  been 
used  on  the  Chicago  drainage  canal  and  other  large  works.) 

3.  (As  this  paragraph  mentions  the  feasibility  of  the  Panama 
canal  for  a  lock  system,  I  will  merely  remark  that  that  is  the  case 
with  the  Nicaragua  route ;  whereas  on  the  San  Bias  route  locks  are 
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not  only  not  ticccssary,  but  probably  impossible,  on  account  of  the 
uncertainty  of  feed  water. 

4.  "It  is  in  a  region  comparatively  free  from  seismic  dis- 
turbance, and  one  in  which  no  volcanic  action  has  occurred  since 
late  Tertiary  time.  The  Nicaragua  route  is  within  a  zone  of  topo- 
graphically destructive  volcanic  disturbance,  where  earthquakes  are 
frequent."  (The  San  Bias  route  is  on  a  par  with  the  Panama  route 
hi  this  respect.,) 

5.  "It  has  what  no  other  route  possesses,  excellent  terminal 
harbor  facilities,  with  anchorage  at  both  oceans  so  improved  that 
ships  can  enter  and  leave  at  will."  (San  Bias  route  has  them,  too, 
provided  by  nature.) 

6.  (As  this  paragraph  deals  with  the  minuteness  with  which 
the  Panama  route  has,  by  this  time,  been  surveyed,  I  would  state 
that  the  United  States  commission,  before  their  labors  are  com- 
pleted, will  have  in  their  possession  facts  and  data  covering  the 
entire  extent  of  country  from  Panama  to  San  Bias  and  beyond,  and 
all  parts  of  the  isthmus  where  a  canal  might  be  possible.) 

7.  (This  paragraph  speaks  of  the  Chagres  problem,  etc.,  but 
on  the  San  Bias  route  there  is  no  such  problem.) 

8.  "It  will  be  the  cheapest  route  to  construct.  The  plant 
already  furnished,  with  two-fifths  of  the  excavation  now  completed 
for  a  sea  level  route,  including  expense  of  administration  and 
machinery,  has  actually  cost  $150,000,000.  Upon  this  basis  it  is 
estimated  that  the  entire  length  of  42^  miles  will  cost  $116,000,000 
more  upon  the  lock  level  plan.  A  sea  level  route  would  cost 
$200,000,000  more.  The  amount  of  work  necessary  to  complete 
the  Panama  canal  is  far  less  than  would  be  required  to  construct 
the  Nicaragua  route.  Engineers  admit  that  40  miles  of  excavation 
— almost  equivalent  to  the  entire  length  of  the  Panama  canal — are 
necessary  along  the  rival  route.  What  the  cost  of  the  construction 
of  the  Nicaragua  route  will  be  can  never  be  told  until  the  actual 
work  is  well  under  way."  (The  foregoing  figures  unerringly  point 
to  the  San  Bias  route  as'  being  the  cheapest  sea  level  canal  that 
could  be  built, — $93,000,000,  according  to  the  estimate  hereinbefore 
shown.) 

9.  "It  is  nautically  the  most  important  route,  being  more 
centrally  situated  relatively  to  the  two  continents.  Its  Caribbean 
terminus  is  as  near  by  sailing  and  steaming  routes  both  to  the  North 
Atlantic  and  European  ports  as  is  Greytown,  while  its  Pacific  ter- 
minus is  far  more  convenient  to  the  South  American  trade."  (The 
San  Bias  route  is  practically  no  longer  than  the  Panama,  from  con- 
tinent to  continent,  located,  as  it  is.  about   ^o  miles  due  east  of 
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Panama,  tlius  making  the  total  voyage  route  the  same  by  either 
route.) 

lo.  (This  paragraph,  being  purely  political,  is  not  considered 
in  keeping  with  this  paper,  which  deals  only  with  the  scientific  and 
engineering  points  of  the  subject.) 

I  now  append,  from  the  foregomg  article,  a  table,  and  to  this 
table  I  add  a  third  column,  in  order  to  give  significance  to  the  salient 
advantages  in  favor  of  the  San  Bias  route : 


Natural  distance,  sea  to  sea, miles... 

Present  distance,  sea  to  sea, miles... 

Natural  altitude, continental  pass, feet 

Same  as  reduced  by  artificial  cutting, 
feet 

Miles  of  river  course,  Caribbean  side... 

Miles  of  river  course  below  site  of  pro- 
posed dam 

Proportion  of  above  diverted  by  arti- 
ficial cutting, miles 

Proposed  height,  summit  level, feet 

No.  of  dams  to  create  summit  level 

Miles  of  summit  level  navigation 

Number  of  proposed  locks 

Excavation  (miles  originally  proposed) 
Miles    excavated    completed    for    lock 

plan 

Miles  of  excavation  to  be  completed  for 

lock  plan 

Miles   of  excavation   to  be   completed 

for  sea  level  plan 

Terminal  harbors 


Nicaragua. 
Lock  System. 

Panama. 
Lock  System. 

San  Bias . 
Sea  Level 
System. 

169.5 

42.5 

29.17 

169.5 

25 

29.17 

147 

260 

1 142 

147 

246 

II42 

III 

31 

0 

32 

21 

0 

0 

10     Nominal,  on 
Pacific  side. 

IIO 

125 

0 

I 

I 

0 

144.8 

12 

to  21 

0 

7 

6 

(tidal)  2 

40.3 

42.5 

25 

0 

15 

to  20 

0 

Plant  on  ground  for  completion 

Estimated  cost  to  complete  canals. 


40.3  10  o 

o  o  29  17 

None.     Completed.     Two  good 

natural  ones. 

None.  All.  None. 

5133,500,000  $116,000,000  193,000,000 


An  additional  reason  for  the  San  Bias  route  is  the  fact  that  it 
can  be  built  on  a  straight  line  from  ocean  to  ocean,  certainly  a  very 
desirable  advantage.  Now  let  us  imagine  the  San  Bias  route  to  be 
fully  completed,  with  the  exception  of  the  7  miles  of  tunnel.  Is  it 
possible  that  if  $29,ocx3,ooo  is  all  that  stands  in  the  way  of  punctur- 
ing this  backbone,  that  the  United  States  would  hesitate  on  account 
of  that  comparatively  nominal  sum?  Leaving  interest  and  extras 
out  of  consideration,  the  combined  three  sections,  other  than  tunnel, 
would  cost  $26,111,024,  thus  showing  the  tunnel  section  to  cost  but 
little  more  than  one-half  of  the  whole  canal'.  Besides,  being  on  a 
line  of  no  drainage,  and  not  inordinately  troubled  with  water,  an 
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open  cut  (of  ample  width  al)Ove  the  rock  portion)  could  properly 
be  considered  as  an  improvement  on  the  tunnel.  What  a  magnifi- 
cent example  of  engineering  it  would  be !  Short,  straight,  on  the 
level  of  the  sea,  a  "straight  Straits  of  Magellan !''  No  detention 
from  flights  of  locks,  except  the  tidal  locks  at  each  end,  indispensa- 
ble on  any  interoceanic  canal.  Simple,  direct,  cheaper  to  entirely 
build  to  a  sea  level  system  now  (including  a  tunnel  7  miles  long) 
than  to  complete  the  remaining  portion  of  the  Panama  canal  to  a 
lock  system  only ;  illustrating  the  fact  that  sometimes  it  is  wiser  to 
throw  away  part  of  a  partially  good  thing  and  replace  with  an 
entirely  new  and  good  thing  that  can  ])e  built  for  less  cost  and  give 
better  service  than  the  thing  abandoned.  I  also  believe  that  the 
straight  line  feature  would  safely  permit  greater  speed  to  vessels 
in  passage ;  the  steering  would  be  easier,  and  less  side  wash  would 
result  against  the  banks. 

In  conclusion  I  give  a  few  extracts  from  the  Minneapolis  Even- 
ing Jonrnal,  from  an  article  in  regard  to  the  canal  agitation  now  in 
process  in  Washington.  It  bears  date  of  W^ashington,  April  20, 
1900,  and  is  written  by  W.  W.  Jermane.  His  arguments  in  favor 
of  the  Panama  route  are  what  I  will  quote,  and  they  apply  with 
equal  or  greater  force  to  the  San  Bias  route : 

"The  advantages  of  the  Panama  route  are : 

1.  "The  shorter  length,  a  most  important  consideration.  The 
proposed  Panama  canal  is  47  miles  from  sea  to  sea,  while  the 
Nicaragua  is  189  miles  long."  (The  San  Bias  route  is  29.17  miles 
long.) 

2.  "The  existence  of  a  railway  parallel  to  the  canal  and  con- 
siderable progress  upon  the  work,  each  of  which  factors  would 
secure  the  early  completion  of  the  canal."  (A  railway  sufficient 
for  construction  purposes  is  easily  built  along  the  San  Bias  route.) 

3.  "It  is  claimed  there  is  less  danger  of  earthquake  disturb- 
ances on  the  Panama  route,  and  there  exist  more  careful  data  as  to 
rainfall  and  in  the  way  of  borings  and  necessary  information  as  to 
geological  formation."  (The  San  Bias  route  is  so  near  to  Panama 
route  that  the  same  reasons  will  probably  apply  largely  at  the  former 
location.) 

4.  "The  possibility  that  improvements  in  engineering  and 
excavation  may  ultimately  give  us  a  sea  level  canal."  (On  the  San 
Bias  route  nothing  but  a  sea  level  canal  is  proposed.") 

5.  "Much  better  harbors  at  two  ends."  (Equally  true  on 
San  Bias  route,  where  said  harbors  already  exist,  and  a  line  between 
them  "straight  as  a  crow  flies"  is  proposed.) 
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"Any  person  who  carefnlly  considers  the  situation  must  realize 
that  there  is  enough  of  question  between  the  two  routes"  (and  also 
the  San  Bias  route)  *'to  justify  careful  examination  and  brief  delay. 
The  commission  of  engineers  appointed  by  the  President  to  examine 
it  will  be  ready  to  report  in  a  few  months.  Should  their  recom- 
mendations be  unanimous  it  would  be  useless  for  the  advocates  of 
either"  (or  any)  "route  to  contest  the  validity  of  their  decision. 
The  commission  is  made  up  of  men  of  character  and  ability," 

With  this  quotation  I  end  this  paper,  and  desire  to  say,  with- 
out ostentation,  that  I  believe  the  reasons  I  have  presented  in  favor 
of  the  ,San  Bias  route  are  cogent  and  worthy  of  careful  considera- 
tion. 

DISCUSSION. 

Mr.  John  C.  Trautwine,  Jr. — I  venture  to  append,  as  a  dis- 
cussion of  Mr.  Redfield's  paper,  an  abstract  of  a  letter  by  my  father, 
Mr.  John  C.  Trautwine,  Sr.,  to  the  Polytechnic  Reviezv,  August, 
1876,  in  which' he  gives  decided  preference  to  the  San  Bias  route 
over  all  others,  notwithstanding  that  he  estimates  its  cost  at  more 
than  three  times  that  given  by  Mr.  Redfield : 

'"Let  us  look  first  at  the  San  Bias  route.  It  crosses  the  isthmus 
at  its  very  narrowest  part,  about  50  miles  further  down  the  coast 
than  the  Panama  Railroad.  For  a  tolerably  correct  idea  of  its 
general  features  I  refer  you  to  my  map  of  the  isthmus  in  the 
Journal  of  the  Franklin  Institute,  January,  1871.  The  canal,  start- 
ing at  the  Gulf  of  San  Bias,  on  the  Atlantic,  would  run  nearly 
south  to  the  mouth  of  the  river  Bayano  or  Chepo,  on  the  Pacific. 
Two  surveys  have  been  made ;  one  by  the  United  States  Govern- 
ment, and  one  by  a  party  employed  by  Frederick  M.  Kelly,  Esq.,  of 
New  York,  the  Lesseps  of  the  isthmus  canal.  Although  neither  of 
these  surveys  is  by  any  means  final,  still  they  appear  to  warrant  us 
in  making  the  following  assumptions, — namely,  that  the  entire 
length  of  the  canal  need  not  exceed  35  miles,  nor  the  length  of  its 
tunnel  be  more  than  10  miles.  I  also  assume  that  a  canal  intended 
emphaticallv  for  a  '■ivorld's  liiglizvay'  should  not,  where  in  earth 
excavation,  have  a  less  width  at  bottom  than  100  feet,  with  full  200 
feet  width  at  the  water  line  and  30  feet  depth  of  water ;  and  that  its 
side  slopes  should  not  be  steeper  than  two  horizontal  to  one  vertical. 
For  the  tunnel,  assuming  (as  appearances  indicate)  that  it  will  all 
be  in  rock,  I  take  its  width  to  be  100  feet  to  a  height  of  40  feet  above 
water  surface,  thence  diminishing  to  the  top  by  a  semi-ellipse. 
Extreme  height  200  feet,  or  170  feet  above  its  top  water  line.  I 
also  assume  that  all  the  excavation  except  the  tunnel  will  be  in 
earth.     This  will  certainly  not.be  the  case;  but  where  it  is  in  rock 
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the  slopes  of  the  cuts  will  he  made  steeper,  thus  retluciug  the 
)niiiibcr  of  cubic  yards  in  about  the  same  proportion  that  the  cost 
per  yard  would  be  increased,  so  that  the  entire  expense  will  be 
about  the  same  in  either  case. 

"On  the  foregoing  maximum  assumptions,  aided  by  the  best 
judgment  I  can  form  from  the  published  reports  and  profile,  I  con- 
ceive that  the  total  cost  of  the  San  Bias  route  cannot  exceed  the 
following : 

Ten  miles  of  tunnel ;  35,000,000  of  cubic  yards  of  rock  at  $5 $175,000,000 

(This  price  includes  the  depositing  of  a  comparatively  small 
portion  of  the  rock  to  form  a  complete  riprap  facing  for  the 
protection  of  all  the  earth  slopes  of  the  canal  cuttings.) 
Earth    excavation    and    dredging;     100,000,000    cubic    yards    at 

75  cents   75,000,000 

(This  price  includes  all  clearing  away  of  trees,  and  other  inci- 
dentals, as  dredges,  etc.,  etc.) 
Two  tidelocks  and  their  accessories 5,000,000 

$255,000,000 

Contingencies,  15  per  cent 38,250,000 

(Including  harbor  improvements,  forts,  lighthouses,  commis- 
sary and  medical  departments,  roads,  dwellings,  stores, 
police,    telegraphs,    engineering,    superintendence,    etc.,    etc.) 

Total     $293,250,000 

Or,  say,  in  round  numbers,  $300,000,000  (without  including  interest 
during  construction),  or  about  three  times  the  cost  of  the  Suez 
canal. 

"It  is  not  impossible,  but,  on  the  contrary,  quite  probable,  that 
a  more  detailed  survey  of  the  San  Bias  route  may  result  in  so 
improving  it  as  to  enable  us  to  reduce  this  estimate  to  $275,000,000, 
or  even  less.  As  to  any  reduction  liy  diminishing  the  cross-section 
of  the  canal  or  of  the  tunnel,  I  can  only  say  that  I  should  consider 
it  entirely  inexpedient  in  a  'zuorld's  highzvay.'  Respecting  the 
prices  assumed  per  cubic  yard,  I  do  not  regard  them  as  more  than 
sufficient,  in  view  of  the  peculiarities  of  the  climate,  especially  with 
respect  to  rain  and  lualtli.  ^Moreover  the  contingent  expenses  of 
the  contractors  in  the  construction  of  their  buildings,  making  roads, 
clearing  of  forests,  etc.,  will  be  very  heavy ;  and  during  the  rainy 
season  all  kinds  of  work  will  be  carried  on  imder  great  disadvan- 
tages, such  as  cannot  be  realized  l)y  any  one  who  has  not  experi- 
enced them. 

"Again,  a  route  has  been  suggested  to  run  nearly  side  by  side 
with  the  Panama  Railroad.  This  w-ould  have  very  important  ad- 
vantages over  any  other,  in  the  facilities  for  the  transportation  of 
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men,  materials  and  supplies ;  but  my  experience  as  chief  engineer 
of  that  railroad  during  1850  enabled  me  to  see  that  that  route,  with 
tide  locks  only,  would  for  ten  or  twelve  miles  involve  a  tunnel  and 
deep  cuttings  fully  as  expensive  as  those  on  the  San  Bias  line,  while 
for  the  remainder  (about  40  miles)  of  its  length  the  cost  would  be 
considerably  greater  than  on  the  San  Bias,  the  same  dimensions  of 
canal  and  costs  per  cubic  yard  being  of  course  adopted  in  estimating 
each." 

In  the  Engineering  and  Mining  Jonrnal  of  July  5,  1879,  my 
father  is  quoted  as  saying  that  the  Panama  route  "is  perhaps  the 
least  eligible  of  all  the  proposed  Darien  routes" ;  that  the  numerous 
locks  of  the  Nicaragua  route  "should  exclude  it  from  considera- 
tion," and  that,  "taking  into  consideration  the  loss  of  interest  on 
money  and  the  cost  of  damages  from  floods,  it  is  very  doubtful 
whether  $500,000,000  and  twenty-five  years  of  time  would  suffice 
to  construct  the  Panama  canal ;  or  whether  it  would  ever  pay  if 
built,  as  he  feels  confident  it  never  will  be."  He  regarded  the 
liability  to  earthquake  disturbances  as  a  serious  consideration,  com- 
mon, however,  to  all  the  routes. 
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[Read  before  the  Engineers'  Society  of  Western  New  York,  May  7,  1900.*] 

It  is  generally  believed  that  the  first  siphon  was  made  at  the 
school  of  the  Ptolemies  at  Alexandria,  about  the  year  B.C.  120. 
Archimedes  of  Syracuse,  a  pupil  of  the  same  school,  130  years 
earlier,  gave  to  the  world  the  fundamental  hydrostatic  law  of  equal 
pressures. 

The  Romans,  in  furnishing  the  necessary  water  supply  for  the 
city  of  Rome,  seem  to  have  confined  themselves  almost  entirely  to 
the  use  of  open  aqueducts,  though  they  certainly  understood  the  fact 
that  water,  conducted  through  closed  pipes,  would  rise  to  the  level 
of  its  source.  It  is  highly  probable  that  the  great  cost  of  lead,  the 
only  metal  then  made  into  pipes  and  strong  enough  to  bear  any 
great  pressure,  forced  their  engineers  to  the  other  absolutely  cer- 
tain method  of  open  conduits. 

A  large  district  about  the  city  of  Aix,  in  France,  is  supplied 
with  water  for  irrigation,  and  the  city  for  domestic  and  manufac- 
turing purposes,  from  the  River  Verdon,  the  water  being  conducted 
through  inverted  siphons  across  the  valley  of  St.  Paul.  The 
siphons  are  two  wrought  iron  tubes,  each  69  inches  in  diameter. 

The  new  source  of  the  water  supply  for  the  city  of  Manchester, 
in  England,  is  Lake  Thirlmere.  in  Cumberland.  The  water  will 
have  to  be  conducted  a  distance  of  96  miles.  In  this  distance  there 
are  several  inverted  siphons.  The  longest  is  3^  miles  in  length, 
formed  of  five  lines  of  cast  iron  pipes,  each  3I  feet  in  diameter :  in 
^Manuscript  received  June  7,  1900.— Secretary,  Ass'n  of  Eng.  Socs. 
30 
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one  case  the  pressure  will  be  about  i8o  pounds  per  square  inch. 
The  hydraulic  head  is  about  420  feet. 

An  American  author,  in  his  work  on  hydraulics,  describes  a 
siphon  in  Scotland  1400  feet  long,  made  of  half-inch  pipe,  and  states 
that  it  continued  to  flow  without  ceasing  for  fourteen  months, 
though  nothing  was  done  to  guard  against  the  accumulation  of  air 
at  the  high  point  of  the  siphon. 

I  presume  the  reason  we  have  so  little  historical  mention  of  the 
application  of  the  siphon  to  actual  work  is  that  it  is  only  during  the 
last  few  years  that  iron  pipes  have  been  made  cheaply  enough  and 
of  sufficient  size  to  justify  their  use  in  large  engineering  works; 
but,  with  increasing  facilities  for  making  wrought  and  cast  iron 
pipes  of  almost  any  size,  and  the  fact  that  engineers  to-day  are  con- 
tinually on  the  watch  for  every  opportunity  to  apply  well-under- 
stood principles  to  new  and  enlarged  conditions,  the  siphon,  which 
is  capable  of  doing  good  and  useful  Work,  should  have  a  chance  to 
display  its  good  qualities  on  a  much  larger  scale  than  has  heretofore 
been  permitted.  Many  occasions  are  sure  to  occur  where  the  con- 
ditions are  suitable  to  the  use  of  large  siphons,  and  where  a  large 
financial  saving  may  be  effected  by  their  use. 

What  I  have  already  said  naturally  leads  me  to  mention  the 
siphon  that  my  firm  has  proposed  to  the  municipal  authorities  of 
our  own  city  to  use  in  transferring  the  sewage  from  the  Hamburg 
Canal  to  the  Niagara  River,  below  Ferry  street.  This  siphon  would 
be  a  4- foot  cast  iron  pipe  15,000  feet  long,  and  at  its  highest  point 
15  feet  above  the  level  of  Lake  Erie.  The  dift'erence  of  elevation 
between  the  upper  and  lower  ends  of  the  siphon  would  be  about  5 
feet,  and,  allowing  that  the  flow  through  the  siphon  would  be  the 
same  as  the  flow  through  a  closed  pipe  of  the  same  diameter  and 
having  the  same  fall  per  unit  of  distance,  the  discharge  would  be  at 
the  rate  of  30  cubic  feet  per  second,  which  is  a  quantity  greater  than 
the  present  intake  of  sewage  of  the  Hamburg  Canal.  The  siphon 
would  be  provided  with  valves  at  both  ends  of  the  pipe,  with  proper 
appliances  for  opening  and  closing  them,  and  with  a  valve  at  its 
highest  point  for  charging  it  with  water,  and  so  arranged  that  a  jet 
of  water  carrying  a  high  pressure  could  be  applied  in  the  direction 
of  the  movement  of  the  water  so  as  to  accelerate  its  flow  through 
the  pipe  whenever  desirable.  It  would  also  be  provided  with  an 
air  chamber,  so  that  the  accumulation  of  air  could  be  noted  and 
exhausted  without  interfering  with  the  continuous  flow  of  the 
siphon ;  and  the  idea  in  making  this  proposition  to  the  city  was  that 
the  conditions  in  Buffalo  are  especially  favorable  for  operating  a 
siphon  to  move  the  sewage  from  the  Hamburg  Canal  to  the  Niagara 
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River  below  Ferry  street.  The  object  in  constructing  an  air  cham- 
ber at  the  high  point  is  to  take  care  of  any  air  that  may  accumulate 
in  the  pipe.  The  pressure  would  be  less  at  the  high  point,  and  the 
air  would  escape  at  this  part  of  the  siphon.  If  the  chamber  was 
built,  the  quantity  of  escaping  air  could  be  noted  and  immediately 
exhausted. 

I  see  no  reason  why  a  siphon  constructed  on  these  principles 
would  not  work.  Certainly,  it  is  cheaper  than  constructing  a  sewer 
of  the  same  size.  I  tried  to  make  the  city  of  ButTalo  and  our  friend 
Mr.  Bardol  see  the  matter  from  our  standpoint,  but  have  not  been 
able  to  do  so.  We  have  not  lost  all  hope,  though.  I  think  the 
reason  we  have  not  had  siphons  of  large  size  is  that  we  have  not 
had  pipes  of  the  material  and  size. 

DISCUSSION. 

Mr.  Ricker. — The  siphon  will  not  work  unless  it  is  full, 
will  it  ? 

Mr.  McKeowx. — No;  it  must  be  running  full.  Unless  it  is, 
it  will  not  work  satisfactorily. 

Major  Symoxs. — Are  pumps  to  be  located  at  the  summit  in 
your  plan  ? 

Mr.  McKeown. — No;  there  will  be  an  air  chamber  at  the 
summit  with  a  system  of  valves  that  could  be  opened  or  shut,  so 
that  this  chamber  could  be  separated  entirely  from  the  rest  of  the 
siphon. 

]Mr.  Kxapp. — What  is  the  velocity  per  second  ? 

Mr.  McKeown. — I  calculated  that  the  flow  through  a  pipe  of 
this  diameter  would  be  about  2^  cubic  feet  per  second,  exactly  2.36 
feet  per  second. 

Mr.  Guthrie. — Suppose  the  siphon  will  tlow.  It  seems  to  me 
that  in  a  pipe  of  that  length  and  diameter,  with  a  fall  of  5  feet,  the 
velocity  will  be  less  than  2.36  cubic  feet  per  second. 

Mr.  McKeown. — We  made  some  experiments  with  siphons 
as  compared  with  a  straight  pipe,  and  concluded  the  flow  would  be 
the  same. 

Mr.  Knighton. — Would  there  be  any  necessity  for  filling  this 
pipe  to  put  it  in  operation  ? 

Mr.  McKeown. — No ;  a  pump  could  be  operated  at  the  highest 
point,  and  as  the  air  was  exhausted  the  water  would  rise  in  the  pipe 
until  the  pipe  was  full.  Then,  the  valves  at  the  ends  being  opened, 
the  difference  of  hydrostatic  pressure  would  act  as  the  lever  of  an 
engine,  throw  the  machine  off  the  center  and  it  would  begin  to 
move.     We  considered  the  filling  with  water  the  better  method. 
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Both  ends  would  be  closed,  and  it  would  simply  be  necessary  to 
open  the  valves  simultaneously. 

Mr.  Knighton. — What  is  the  highest  elevation? 

Mr.  McKeown. — Fifteen  feet. 

Mr.  Knighton. — What  is  the  size  of  the  pipe? 

Mr.  McKeown. — Four  feet.     The  only  question  is  one  of  size. 

Major  Symons. — Have  you  constructed  a  model?  You  say 
it  is  simply  a  question  of  size. 

Mr.  McKeown. — It  would  be  difficult  to  construct  a  model 
that  would  give  correct  comparative  results,  because  by  contracting 
the  diameter  of  the  pipe  we  greatly  increase  the  friction. 

Mr.  Guthrie. — Kansas  City  went  to  a  great  expense  to  put 
down  a  number  of  feet  of  pipe,  and  has  had  to  take  it  up  and  go 
over  all  the  joints  looking  for  leaks.  At  Auburn,  N.  Y.,  they  have 
a  24-inch  siphon  which  did  not  work. 

Mr.  Tutton. — Is  not  that  an  inverted  siphon? 

Mr.  Guthrie. — No,  sir;  that  is  a  very  different  thing,  simply 
a  pressure  siphon.  In  Virginia  they  had  one  for  carrying  sewage. 
I  think  it  was  about  1400  feet  long.  It  was  put  down  by  the  late 
Colonel  Waring,  where  they  encountered  some  rock,  and  it  did  not 
work  long. 

Mr.  McKeown. — Certainly  the  pipe  should  be  water-tight  in 
order  to  work. 

Mr.  Guthrie. — There  would  be  a  tendency  for  air  to  get  in  the 
pipe  and  collect  at  the  high  point ;  and  the  farther  you  go  from  the 
summit,  the  less  would  be  the  flow.  Air  certainly  would  get  in  the 
pipe  from  time  to  time,  and  this  would  interfere  with  the  working 
of  the  siphon.     I  do  not  see  how  that  can  be  overcome. 

Mr.  McKeown. — If  there  were  any  air  in  the  siphon  it  would 
be  at  the  summit,  and  the  valve  chamber  would  take  care  of  this. 
If  there  is  any  difference  between  the  flow  of  a  siphon  or  through  a 
pipe  I  cannot  find  it.  We  tried  to  make  some  experiments,  and,  so 
far  as  they  went,  they  seemed  to  indicate  no  material  difference 
between  the  flow  of  water  through  a  pipe  and  through  a  siphon. 

Major  Symons. — There  is  a  siphon  near  Mt.  Vernon  1000  feet 
long  and  12  inches  in  diameter,  with  a  head  of  23  feet,  to  supply 
the  water  works.  It  ran  all  right  for  about  four  months,  and  then 
ran  dry. 

Mr.  Guthrie. — That  is  a  very  high  level. 

Mr.  McKeown. — It  is  not  absolutely  necessary  that  the  level 
should  be  as  high  in  this  case. 

Mr.  Morse. — The  pipe  could  be  lowered. 
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Mr.  McKf.owx. — Yes,  sir.  I  think  the  difference  in  height 
between  15  and  34  feet  would  give  us  all  the  pressure  we  need. 

yiR.  B.\RDOL. — In  looking  at  any  machine  there  are  three  things 
to  consider:  First,  whether  it  will  work  at  all;  second,  whether  it 
will  accomplish  what  is  intended,  and,  third,  its  economy. 

As  to  the  first,  wlicther  it  will  work  at  all,  I  am  open  to  con- 
viction. With  a  pipe  three  miles  in  length  and  4  feet  in  diameter 
placed  on  the  ground  it  would  be  difficult  to  find  a  leak  in  it  at  any 
place.  Of  course,  it  could  be  caulked  thoroughly,  but  if  a  leak 
occurred  it  might  be  at  any  point  in  the  pipe. 

One  of  the  things  considered  in  abating  the  Haml)urg  Canal 
nuisance  was  the  lowering  of  the  drainage  area;  this  could  not  be 
accomplished  with  the  siphon.  Sooner  or  later  the  property  in  the 
vicinity  of  Exchange,  Seneca  and  Swan  streets,  in  fact  all  of  the 
territory  south  of  the  canal,  will  have  to  have  deeper  drainage. 

Another  feature  to  be  considered  m  connection  with  this  siphon 
is  the  necessity  of  being  compelled  sooner  or  later  to  take  care  of 
all  the  sewage  from  the  greater  part  of  South  Bufifalo,  beyond  the 
river,  and  with  a  siphon  we  could  not  accomplish  this. 

The  objection  Mr.  McKeown  has  to  a  pumping  plant  is  that 
the  Swan  street  sewer  is  now  taxed  beyond  its  capacity.  That 
statement  is  not  quite  up  to  the  facts,  for  the  reason  that  the  trunk 
sewer  will  take  20  feet  per  second  more.  Of  course  in  time  of 
storm  there  will  have  to  be  an  overflow  into  the  sewer  in  the  canal. 

As  to  the  question  of  cost,  the  figures  Mr.  McKeown  gave  me 
were  something  like  15,000  feet  at  $15  per  hundred,  valves  and 
valve  house  $15,000,  making  $240,000  for  the  cost  of  the  siphon. 

The  cost  of  the  pumping  plant  would  be  about  $50,000,  al- 
though the  cost  of  operating  the  plant  would  be  more  than  that  of 
the  siphon.  I  estimate  the  cost  of  operating  the  pumping  plant  at 
something  like  $7500  per  year,  and  the  cost  of  operating  the  siphon 
at  S2500.  Taking  these  figures  as  an  estimate,  there  is  a  difference 
of  $5000  in  favor  of  the  siphon.  This,  capitalized  at  3I  per  cent., 
equals  $130,000.  Taking  the  cost  of  the  siphon  at  $240,000,  and 
S50.000  the  cost  of  the  plant,  there  will  be  a  diiTcrence  in  cost  of 
$190,000  in  favor  of  the  plant.  The  report  of  the  board  winds  up 
with  the  statement  that  the  siphon,  from  any  point  of  view,  could 
not  be  recognized  in  any  way.  I  do  not  know  of  any  reason  why  I 
should  change  my  mind.  Mr.  McKeown  has  not  convinced  me  that 
his  plan  is  feasible. 

Mr.  ^McKeown. — One  of  the  things  to  be  considered  in  con- 
nection with  Mr.  Bardol's  plan  is  that  in  time  of  rainstorm  the 
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Swan  street  sewer  is  more  than  full,  and  a  large  amount  of  this 
sewage  would  have  to  be  dumped  into  the  canal. 

Mr.  Bardol. — I  think  you  do  not  understand  the  conditions. 
The  siphon  will  take  30  feet  per  second  in  addition  to  what  the 
Swan  street  sewer  will  carry.  When  you  take  into  consideration 
that  the  amount  of  the  diluted  sewage  in  time  of  storm  is  1300 
cubic  feet  per  second,  the  effect  of  diverting  30  cubic  feet  per  second 
does  not  amount  to  much. 

Mr.  Haven. — When  the  city  of  Buffalo  and  Western  New 
York  is  drained  as  it  should  be  there  will  be  no  necessity  for  a 
siphon  or  sewer  to  Niagara  River. 

It  was  moved  and  seconded  that  a  vote  of  thanks  of  the 
Society  be  extended  to  Mr.  McKeown  for  his  able  address  on  the 
subject  of  Siphons.     Carried  unanimously. 
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By  Charles  H.  Wright,  Member  of  the  Civil  Engineers'  Club  of 

Cleveland. 


[Read  before  the  Club,  May  8,  1900.*] 

Since  the  issues  of  the  days  before  the  war,  no  subject  has  so 
stirred  the  American  people  as  has  the  question  of  the  trusts.  From 
the  center  to  the  circumference,  through  all  classes  and  conditions 
of  the  people,  there  are  spreading  waves  of  doubt,  dissatisfaction 
and  unrest. 

No  class  is  more  deeply  interested  than  the  engineers.  The 
relations  of  the  engineer  to  the  trusts  are  closer  than  at  first  appear ; 
closer  even  than  most  of  us  realize.  It  is  well,  then,  that  we  try  to 
read  the  future,  if  we  may,  far  enough  to  discover  whither  we  are 
drifting,  and  how  our  prospects  and  our  future  are  to  be  affected  if 
the  trusts  shall  continue.  And  is  there  any  thinking  man  W'ho 
believes  for  an  instant  that  they  will  not  continue,  and  that  they  will 
not  increase? 

We  may  hate  and  fear  them,  and  try  to  convince  ourselves  that 
they  are  only  temporary,  but  we  know  all  the  time  that  we  are 
simply  fooling  ourselves. 

The  modern  trust  is  a  product  of  the  times,  a  product  of  the 
circumstances  and  conditions  which  now  exist. 

To  check  the  growth  of  the  natural  and  lawful  trust  is  to  turn 
back  the  wheels  of  progress.  To  check  these  trusts  is  to  accom- 
plish the  impossible. 

What  is  a  trust?  I  might  almost  say,  What  is  not  a  trust? 
Where  shall  we  draw  the  line? 

\\'ebster  gives,  among  the  definitions  of  trust,  this :  "Credit 
given  without  examination."  While  not  so  intended,  it  is  certainly 
a  terse  and  accurate  definition  of  many  of  the  mushroom  enterprises 
which  have  sprung  up  in  this  country  in  the  last  few  years. 

Every  person's  definition  of  the  term  is  colored  by  his  tempera- 
ment, his  politics  and  his  self-interest.  Some  look  through  the 
small  end  of  the  telescope,  and  some  through  the  large  end. 

A  fair  definition  of  the  term,  as  commonly  accepted,  might  be: 
"The  combination  among  a  number  of  persons  of  their  financial, 
mental  or  physical  powers  for  the  purpose  of  advancing  their 
individual  interests  or  for  maintaining  some  advantage  or  supe- 
riority which  they  may  already  possess." 

If  we  accept  this  definition,  then,  the  uniting  of  the  newsboys 
in  your  public  squares  to  prevent  other  boys  from  selling  papers 

^Manuscript   received   May   11,    1900. — Secretary,   Ass'n   of   Eng.    Socs. 
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there  is  as  truly  a  trust  as  is  the  "whiskey  ring"  or  the  Standard- 
Oil  Company. 

The  leaders  of  the  labor  unions  are  avowedly  opposed  to 
trusts,  and  yet  they  are  trying  to  form  and  perpetuate  one  of  the 
most  merciless,  vicious,  brutal  and  irresponsible  trusts  the  world 
has  seen. 

Xo  combination  of  capital  ever  went  to  the  extremes  the  labor 
unions  have  reached  when  the  power  has  been  in  their  hands. 

The  heads  of  the  huge  financial  combines  realize  that  their  own 
interest  demands  that  they  give  some  little  heed  to  the  rights  and 
interests  of  others. 

The  labor  agitator  knows  no  right  outside  himself.  If  he  will 
not  w'ork, — and  usually  he  will  not, — then  no  one  shall. 

Eight  hundred  employes  of  a  Lowell,  Mass.,  carpet  mill 
recently  struck  at  the  command  of  the  leader  of  their  union,  because 
one  woman  insisted  that  she  had  the  right  to  feel  some  little  interest 
in  her  work.  She  had  turned  out  more  than  the  allotted  work  in 
the  time.  She  had  refused  to  remain  idle  wdien  her  "stent"  was 
finished.  She  had  actually  gone  early  to  the  mill  and  cleaned  and 
greased  her  loom,  so  as  to  be  ready  to  begin  weaving  at  the  sound 
of  the  whistle.  Thus  she  had  not  only  violated  the  union  rule,  but 
had  been  reprehensibly  industrious,  and  thus  discredited  her  less 
ambitious  associates.  The  President  of  the  union  remonstrated 
with  her,  and  pointed  out  the  wrongfulness  of  such  industrious 
habits.  She  persisted  in  her  right  to  work  instead  of  loafing,  and 
to  earn  all  she  could  in  the  hours  of  work.  A  committee  of  the 
union  went  to  the  manager  and  demanded  her  discharge.  The 
manager  refused.  Then  she  was  expelled  from  the  union,  the 
three  hundred  weaving  girls  struck,  the  mills  were  necessarily 
closed  and  eight  hundred  employes  were  reduced  to  idleness. 

Human  nature  as  a  whole  is  pretty  much  the  same  in  the  Wall 
street  office  as  in  the  mill  and  factory.  While  human  nature  is  as 
it  is,  and  while  self-interest  remains  the  controlling  factor,  so  long 
will  the  trust  and  the  labor  union  remain.  It  is  right  that  they 
should  remain. 

They  have  both  to  learn,  by  bitter  experience  perhaps,  that  in 
the  exercise  of  their  own  rights  they  must  not  lose  sight  of  the  fact 
that  others  have  ecjual  rights. 

I  have  faith  to  believe  that  the  American  people  will  find  a 
way  to  settle  the  question  of  both,  with  justice  and  fairness  to  all, 
as  they  have  settled  other  questions.  When  the  time  comes  it  may 
be  that  the  engineer  will  be  an  important  factor  in  the  settlement. 

Contrary  to  popular  belief,  the  trust  is  not  of  recent  origin.  It 
is  as  old  as  the  ages,  as  old  as  history  itself. 
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In  this  country  there  are  enormous  combinations  of  the  trans- 
portation companies,  huge  combines  so  vast  and  so  far-reaching  in 
their  interests  that  the  luincl  almost  fails  to  grasp  them. 

The  Morgan  syndicate  owns  or  controls  all  the  railroads  lead- 
ing east  out  of  Chicago  with  the  one  exception  of  the  Pennsylvania 
Company,  and  the  relations  of  this  road  to  the  combination  are 
doubtful.  Practically  every  steam  road  in  Xew  England  is  in  the 
combine. 

There  are  over  forty  thousand  miles  of  road  included  in  this 
trust,  and  the  employes  number  over  three  hundred  thousand ;  yet 
huge  as  is  this  trust,  it  does  not  hold  such  an  absolute  and  perfect 
monopoly  of  the  transportation  business  as  did  Noah  and  his  ark. 

If  history  be  true,  there  were  people  even  then  who  looked 
upon  the  trust  with  terror  and  dismay.  Side  by  side,  hand  in  glove, 
with  this  first  great  trust  were  the  engineer  and  architect.  They 
made  its  success  possible.  Without  them  there  could  have  been 
no  ark. 

When  we  consider  the  huge  cargo  carried  by  this  boat,  and  the 
lively  and  unstable  character  of  its  cargo,  we  cannot  but  feel  admira- 
tion for  the  engineer  who  built  the  boat.  The  facilities  and  mate- 
rials of  construction  were  not  as  good  then  as  now. 

However  the  other  branches  of  labor  may  be  affected  by  the 
trusts,  the  engineer  finds  in  them  his  opportunity.  As  a  matter  of 
fact,  labor  as  a  whole  is  benefited  by  them.  I  presume  many  of  you 
will  doubt  this,  but  this  table  might  be  loaded  with  statements  in 
proof  of  it.  When  the  trusts  are  formed  men  are  discharged  ;  there 
is  no  doubt  of  this  fact.  It  is  said  there  have  been  35,000  traveling 
men  dismissed.  No  doubt  this  is  true,  but  is  it  true  that  these 
men  have  been  forced  to  remain  in  idleness?  When  the  railroads 
were  first  started  in  New  England  there  was  a  great  cry  about  the 
poor  stage  drivers  who  would  be  thrown  out  of  employment.  Fou 
every  one  of  these  men  who  lost  his  work  there  were  a  hundred 
who  found  employment  when  the  roads  were  built. 

As  you  know,  there  has  recently  been  formed  a  combine  of  the 
bridge  builders.  At  first  glance  it  looks  as  if  this  trust  must  have 
a  disastrous  effect  upon  many  engineers.  As  we  look  more  closely 
the  county  commissioner  appears  to  be  about  the  only  one  hurt,  and 
perhaps  engineers  will  not  feel  called  upon  to  worry  about  the 
county  commissioner. 

Those  of  you  who  are  bridge  engineers  do  not  need  to  be  told 
that  a  very  great  saving  can  be  brought  about  in  the  management 
of  the  bridge  companies  by  the  consolidation  of  the  competing 
plants.     Where  perhaps  twenty  designs  and  estimates  were  made 
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for  the  same  work  under  the  separate  management,  only  one  or 
two  are  necessary  when  the  different  plants  are  united. 

This  seems  to  point  to  a  reduction  in  the  number  of  engineers 
employed.  So  far  as  the  bridge  companies  are  concerned,  this  is 
probably  the  case.     There  is  another  side,  however. 

The  cream  of  the  structural  work  comes  from  the  railroads. 
At  present,  by  simply  asking  for  bids  on  certain  work  the  railroads 
get  the  benefit  of  the  knowledge  and  experience  of  the  engineers  of 
the  several  bridge  companies  asked  to  bid.  It  cannot  be  expected 
that  the  same  number  of  designs  will  be  submitted  by  the  trust. 
On  the  other  hand,  the  railroad  engineers  will  hardly  accept  without 
question  whatever  may  be  offered  by  the  trust.  A  certain  amount 
of  preliminary  designing  must  be  done. 

If  the  trust  decides  that  it  will  no  longer  maintain  a  free  engi- 
neering bureau,  the  railroads  will  be  compelled  to  do  this  work 
themselves.  Many  of  them  are  already  doing  it.  If  they  take  the 
wiser  course  and  turn  this  work  over  to  the  engineering  firms  who 
make  a  specialty  of  this  work,  a  long  step  will  have  been  taken  in 
the  direction  of  economy,  good  design  and  sound  common  sense. 

The  men  who  have  gained  knowledge  and  experience  by  years 
spent  in  the  offices  of  the  bridge  companies  will  find  plenty  of 
opportunities,  either  with  the  railroads  or  in  the  office  of  the  expert. 

Incidentally,  it  might  be  remarked  that  the  bridge  trust  itself 
has  not  a  pathway  strewn  with  flowers  ahead  of  it.  As  stated 
above,  the  most  desirable  work  comes  from  the  railroads.  Does 
any  one  imagine  that  the  railroads  will  allow  the  bridge  trust  to  dic- 
tate prices  to  them?  When  prices  reach  a  certain  point  the  railroads 
will  build  their  own  bridges.  Some  of  the  larger  companies  are  in 
a  position  to  do  this  at  any  time. 

It  will  be  interesting  to  watch  developments  in  the  bridge  trust 
for  the  next  year  or  two. 

The  American  Steel  and  Wire  trust  for  a  little  tnue  has  bid  fair 
to  rule  a  certain  line  of  manufacture.  Now  the  construction  of 
new  and  independent  mills  is  probably  a  certainty,  and  it  is  not 
probable  that  the  new  plants  can  ever  be  controlled  by  the  wire  trust. 

This  means  very  much  to  the  engineers.  The  new  plants  must 
be  the  most  perfect  that  ever  have  been  erected.  The  ability  and 
the  genius  of  the  inventive  engineer  will  be  taxed  to  the  utmost. 
Consider  for  a  moment  how  far-reaching  this  single  new  interest 
will  be  in  its  effects.  Engineers  in  every  branch  will  find  oppor- 
tunities here.  If  the  new  supply  exceeds  the  demand,  it  simply 
means  that  new  uses  will  be  found  for  these  materials ;  there  is  a 
vast  field  yet  open  in  this  direction. 
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At  one  time  the  ore  and  coal  shipped  from  the  great  lake  ports 
was  handled  by  laborers ;  then  came  the  machines  for  handling 
these  materials,  and  the  laborers  lost  their  employment.  The  in- 
creased economy  in  handling,  combined  with  other  causes,  increased 
the  production  of  iron  and  steel,  and  many  more  men  were  soon 
required  than  had  been  replaced  by  the  machines.  Perhaps  the 
new  requirements  were  for  a  higher  grade  of  labor,  but  there  is  no 
law  against  the  laborer  fitting  himself  to  do  a  higher  class  of  work. 
The  country  is  full  of  opportunities  for  men  to  obtain  an  education 
and  a  training  for  better  thmgs.  When  the  dock  laborers  were 
replaced  by  the  machines,  skilled  machinists,  draftsmen  and  engi- 
neers were  required  to  build  the  machines.  New  boats  and  new 
lines  of  railroads  were  built  to  transport  the  raw  materials  and  the 
finished  products. 

New  furnaces  and  new  mills  were  built.  New  machines  and 
new  devices  for  the  economic  handling  of  material  at  the  mills  and 
furnaces  were  required,  and  an  endless  line  of  improvements  fol- 
lowed all  through  the  iron  and  steel  industries  and  the  allied  lines  of 
manufacturing. 

All  this  gave  employment  to  the  engineer. 

No  truth  seems  harder  for  the  American  people  to  understand, 
and  yet  no  truth  is  susceptible  of  more  perfect  demonstration  than 
is  the  fact  that  any  advance  in  the  industrial  world  which  cheapens 
the  cost  of  production  or  increases  the  possible  output  is  in  the  end 
a  direct  benefit  to  all  classes. 

The  w^orld  always  has  been,  and  always  will  be,  a  hard  one  for 
the  aged  and  the  incompetent.  We  all  realize  and  regret  this,  but  is 
it  advisable  to  limit  the  speed  of  all  to  the  capacity  of  the  most 
feeble? 

"Through  the  ages  one  increasing  purpose  runs, 
And  the  thoughts  of  men  are  widened  by  the  process  of  the  suns." 

Much  of  the  complaint  about  the  trusts  would  cease  if  men 
would  recognize  that  changes  must  come  in  methods  and  means, 
and  that  they  must  fit  themselves  to  become  valuable  elements  in 
the  readjustment. 

You  hear  on  all  sides  complaint  that  the  trusts  and  large 
employers  strive  to  specialize  and  limit  the  lines  of  individual  labor. 
There  is  complaint  that  there  is  no  longer  opportunity  for  men  to 
become  proficient  in  several  branches,  to  become  good  all-around 
men.  This  claim  is  utterly  without  foundation  in  fact.  Never 
have  the  opportunities  been  greater.  The  desire,  however,  seems 
lacking-- 
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Watch  the  construction  of  some  large  building.  One  man 
must  lay  the  bricks ;  another  must  plaster  the  walls.  The  man  who 
puts  up  the  steel  frame  must  not  put  in  the  wooden  floors.  If  the 
plumber  wants  a  bracket  here  and  there  the  carpenter  must  be 
called,  but  he  must  not  put  in  the  broken  pane  of  glass ;  the  glazier 
must  do  this.  If  the  carpenter  takes  off  a  few  slate  on  the  roof  he 
must  not  put  them  back ;  the  roofer  must  be  recalled,  and  so  on 
all  through  the  construction.  If  the  aim  of  the  laboring  men  is  to 
see  how  useless,  valueless  and  helpless  they  can  make  themselves, 
they  must  be  succeeding  beyond  their  fondest  hopes.  These  one- 
idea  men  are  most  loud  in  their  complaint  that  the  employer  takes 
them  at  their  word,  and  treats  them  accordingly. 

Again,  we  hear  of  men  being  forced  out  of  business,  compelled 
to  sell  out  or  join  a  combine.  No  doubt  many  have  been  compelled 
to  do  this.  On  the  other  hand,  many  men  who  h^ve  been  struggling 
along  for  years,  barely  keeping  their  heads  above  water,  have 
found  in  the  trust  a  market  for  an  old,  run-down  and  out  of  date 
plant  at  a  value  much  beyond  its  actual  worth. 

What  becomes  of  these  men,  the  former  owners  of  these  plants? 

Suppose  one  hundred  men  enter  a  combine,  and  only  ten  of 
them  are  then  required  to  manage  the  business.  What  will  the 
other  ninety  do?  Many  of  them  are  perhaps  as  bright  and  capable 
as  the  heads  of  the  trust  themseles.  Will  these  men  sit  down,  fold 
their  hands  and  call  their  lifework  done?  I  hardly  think  so  if  they 
are  Americans. 

Have  we  reached  the  limit  of  production?  Have  we  reached 
the  point  where  there  is  nothing  more  that  can  appeal  to  the  wants, 
the  convenience  or  the  luxurious  comfort  of  the  people?  Is  there 
nothing  more  to  be  invented  ?  Have  we  seen  the  end  of  all  advance  ? 
No.  There  is  plenty  yet  to  do,  and  no  need  that  any  man  or  class 
of  men  remain  idle. 

That  the  trusts  need  to  be  firmly  and  steadily  controlled  we 
will  all  admit.  The  question  is.  How  shall  this  be  done?  During 
the  Chicago  conference  Mr.  Bryan  was  asked  to  give  some  method 
by  which  the  trusts  might  be  controlled. 

It  is  surprising  how  early  associations  and  influences  make 
themselves  felt  in  later  years.  Mr.  Bryan  spent  years  of  his  life 
on  the  prairies  of  the  West.  From  his  memories  of  boyhood  days 
on  the  farm  came  his  inspiration.  He  had  seen  droves  of  hogs 
wandering  in  the  tall  grass,  and  rooting  up  with  equal  disregard 
the  property  of  their  owner  and  his  neighbors.  "My  friends,"  he 
said,  ''we  will  treat  the  trusts  as  w^e  treat  the  four-legged  hogs  of 
the  prairies,  we  will  put  rings  in  their  noses." 
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W'ell,  if  a  ring  is  to  be  put  in  the  nose  of  the  trusts,  who  is  to 
do  it?  I  imagine  it  will  be  an  engineering  problem  and  that  the 
engineers  will  have  to  do  it. 

A  well-known  engineer  recently  tried  to  prove  that  the  reason 
there  were  more  and  better  engineers  to-day  than  twenty  years 
ago  was  because  the  engineering  schools  were  turning  out  a  better 
grade  of  engineers. 

If  you  place  tifty  trained  and  skilled  physicians  in  a  small 
country  village  few  of  them  will,  if  they  remain  there,  ever  acquire 
any  great  wealth  or  fame.  The  opportunity  is  not  there,  and,  no 
matter  how  great  the  physician's  skill,  he  will  find  no  occasion  to 
exercise  it. 

It  is  so  w^ith  the  engineer.  While  it  is  true,  to  a  certain  extent, 
that  the  engineer  creates  his  opportunities,  he  will  not  make  a  much 
better  showing  than  the  physician  unless  he  have  the  help  that  great 
wealth  alone  can  give.  The  engineer,  more  than  any  other  profes- 
sional man,  requires  the  backing  of  capital.  The  trust  is  in  the 
position  to  give  this  all-important  aid. 

\\'e  hear  a  great  deal  about  the  trusts  increasing  the  prices  of 
the  materials  controlled  by  them.  Up  to  a  certain  point  they  can 
tlo  this ;  beyond  that  point  they  cannot  do  it.  You  can  rest  assured 
that  when  they  are  putting  the  price  above  what  is  included  in 
manufacture  and  a  fair  profit,  they  are  paying  some  one  else  more 
to  keep  out  of  the  business  than  they  are  making  themselves.  Any 
article  that  one  trust  can  make,  another  can  and  will  when  there  is 
a  profit  in  doing  so. 

Is  it  sound  business  policy  to  keep  prices  above  a  reasonable 
point?  Which  is  the  successful  merchant,  the  one  who  handlef^ 
many  goods  at  small  profit  or  the  one  who  sells  a  small  amount  at  a 
very  large  profit  ? 

The  people  fear  the  trusts  because  they  do  not  understand 
them,  and  do  not  know  that  75  per  cent,  of  the  so-called  trusts  will 
be  blown  to  the  four  winds  of  heaven  when  the  first  breath  of  busi- 
ness depression  strikes  them.  Imaginary  profits  on  imaginary 
capital  are  about  as  satisfying  as  bread  made  from  sawdust. 

I  may  own  a  dog  worth  two  dollars,  and  may  form  a  company 
and  sell  a  thousand  shares  of  that  dog  at  ten  dollars  each  (if  I 
can  get  anv  one  to  buy  them),  but  I  have  not  created  any  wealth. 
I  have  simply  transferred  wealth  from  the  pocket  of  some  one  else 
to  my  own  pocket.  Everything  looks  all  right  perhaps,  and  there 
is  no  trouble  until  I  have  to  pay  dividends  on  the  shares  of  that  dog. 
When  that  time  comes,  then  trouble  begins. 
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In  considering  trusts  and  their  relation  to  the  engineer,  I  have 
had  in  mind  only  such  trusts  as  had  some  good  business  ground  as 
a  basis  for  their  existence.  It  is  true,  however,  that  many  of  the 
bogus  trusts  have  very  materially  benefited  the  engineer.  This  is 
the  least  attractive  side  of  the  subject,  however.  Engineers  did 
not  feel  great  pride  in  the  work  done  by  them  on  the  wild,  visionary 
and  bankrupt  schemes  which  marred  the  landscape  at  the  Chicago 
Fair,  for  example. 

It  is  interesting  to  follow  briefly  the  history  of  the  trusts. 
Prior  to  the  war  they  were  not  very  plentiful.  The  air  was  full  of 
the  symptoms,  however,  and  all  that  was  needed  was  the  proper 
conditions  to  bring  out  the  fever  in  all  its  violence.  In  the  sixties 
the  father  of  all  modern  trusts,  the  Standard  Oil  Company,  came  to 
life,  and  paved  the  way  for  all  the  rest.  Then  the  panics,  failures 
and  general  demoralization  which  took  possession  of  the  business 
world  from  1873  to  1877  brought  out  the  trusts  in  flocks.  Business 
men  banded  together  for  self-protection. 

Then  the  people  became  alarmed,  and  the  State  Legislatures 
and  Congress  passed  all  sorts  and  conditions  of  anti-trust  laws. 
Little  else  seems  to  have  been  considered  by  these  bodies  between 
1887  and  1893.  The  people  sent  lawyers  to  make  laws  against  the 
trusts,  and  the  trusts  employed  these  same  lawyers,  at  enormous 
salaries,  to  tell  them  how  to  avoid  the  laws  they  had  made  and  ren- 
der them  of  no  effect.  If  the  trusts  were  driven  from  one  State, 
they  applied  for  a  charter  in  another.  This  charter  gave  them 
power  to  do  business  in  any  State.  If  forced  to  disband,  thev 
formed  social  clubs  (presumably  to  discuss  politics).  These  clubs 
became  the  business  offices  of  many  of  the  trusts. 

During  the  year  1899  347  industrial  corporations  were  organ- 
ized, with  a  total  capitalization  of  $3,593,530,000.  The  list  that 
follows  has  been  compiled  by  the  Railroad  Gazette  from  the  Com- 
mercial and  Financial  Chronicle.  A  large  proportion  of  these  cor- 
porations are  simply  combinations  or  trusts,  designed  to  obtain  the 
economies  of  consolidation  and  the  security  of  partial  monopoly. 
Notable  examples  are  the  American  Car  and  Foundry  Company, 
$60,000,000,  which  owns,  with  few  exceptions,  the  important  car- 
building  plants ;  the  American  Bridge  Company,  $67,500,000,  which 
proposes  to  control  the  great  competing  bridge  works.  The  twenty- 
three  iron  and  steel  companies,  with  an  average  capitalization  of 
$19,000,000  each,  are  all  combinations.  In  all  of  these  cases 
the  proportion  of  money  finally  withdrawal  from  other  uses  and 
invested  in  industrials  is  small.  The  combining  manufacturers 
receive  payment  for  their  plants  either  wholly  or  in  part  in  certifi- 
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cates  of  stock  and  cash.  The  cash  is  obtained  by  selling  to  the 
public — the  innocent,  unsuspecting  public — a  small  part  of  the  stock. 
There  are,  however,  many  entirely  new  industries  inviting  new 
capital  to  exploit  new  propositions.  To  build  and  sell  automobiles 
twenty-four  companies  have  been  organized,  with  an  average  capital 
of  $10,000,000  each.  To  handle  liquid  air  three  companies  invite 
investment  in  $25,000,000  of  capital  stock.  To  promote  a  loco- 
motive smoke  preventer  $6,000,000  is  considered  desirable.  The 
following  incorporations  of  1899  are  especially  interesting: 

American  Bridge $67,500,000 

American  Car  and  Foundry 60,000,000 

Columbian  Electric  Car  Lighting  and  Brake 10,000,000 

Doty  Third  Rail  Electric 2.500,000 

Electric  Axle  Light  and  Power 2,500,000 

International   Car  Wheel 15,000,000 

International   Steam   Pump 27,500,000 

Locomotive   Smoke   Preventer 6,000,000 

Magnus  Metal   3,000,000 

Murphy  Safety  Third  Rail  Electric   2,500,000 

National    Tube    80,000,000 

Niles-Bement-Pond 8,000,000 

Pressed   Steel   Car 25,000,000 

Southern  Car  and  Foundry  3,500,000 

Strohm  Automatic  Electric  Safety  Block  System 5,000,000 

U.  S.  Cast-iron  Pipe  and  Foundry 30,000,000 

The  year  1900  will  probably  show  a  much  greater  record. 
Among  the  large  companies  already  incorporated  this  year  are  the 
American  Steel  Sheet  Company,  with  a  capital  stock  of  $52,000,000, 
and  the  Carnegie  Company. 

The  Carnegie  Company  was  incorporated  at  Trenton,  N.  J., 
^larch  24,  with  a  capital  stock  of  $160,000,000,  divided  into  shares 
of  a  par  value  of  $1000  each.  The  State  of  New  Jersey  receives 
a  $32,000  fee  for  the  incorporation  and  an  annual  franchise  tax  of 
$11,750. 

This  new  company  acquires  the  interests  of  the  Carnegie  Steel 
Company  and  its  subsidiary  companies  and  connected  interests  at 
a  valuation  of  $250,000,000,  payable  one-half  in  stock  and  one-half 
in  5  per  cent,  gold  bonds ;  and  the  H.  C.  Frick  Coke  Company  at  a 
valuation  of  $70,000,000,  similarly  payable  half  in  stock  and  half  in 
bonds.  In  other  words,  the  various  interests  of  the  Carnegie  and 
Frick  Companies  are  taken  over  by  the  Xew  Jersey  corporation  at 
a  total  outlay  of  $160,000,000  in  stock  and  $160,000,000  in  bonds, 
$320,000,000  total.  All  these  companies,  however,  maintain  their 
identity  under  their  several  charters,  the  Carnegie  Steel  Company, 
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under  a  new  Pennsylvania  charter,  with  a  capital  of  $50,000,000, 
succeeding  to  the  Carnegie  Steel  Company,  Limited,  whose  articles 
of  association  as  a  limited  enterprise  would  have  expired  April  i, 
1901. 

While  the  trusts  are  increasing,  and  while  laws  are  being  made 
to  abolish  them,  and  while  public  honesty  and  morality  are  slowdy 
being  taught,  let  the  engineer  make  the  most  of  this,  his  golden 
opportunity. 

Without  the  union  of  the  railroad  interests  the  numerous  ter- 
minal stations  of  the  great  cities  would  never  have  been  built.  The 
same  is  true  of  many  other  railroad  improvements.  All  the  great 
combines  have  called  upon  the  engineer  to  carry  on  works  which 
never  would  have  been  constructed  by  individual  enterprise.  Small 
independent  industries  have  not  the  means  to  spend  in  experiments 
and  the  trial  of  new  inventions.  Combinations  of  capital  stand 
ready  to  do  this  if  they  see  profit  to  themselves  at  the  end. 

Every  new  invention  opens  the  way  for  others,  many  of  which 
require  large  capital  to  put  them  in  operation. 

One  might  go  on  indefinitely  citing  instances  where  the  engi- 
neer finds  the  door  to  employment,  and  possibly  to  fame,  opened  to 
him  by  the  hand  of  the  trusts. 

Without  the  engineer  the  trust  is  helpless.  Without  the  trust 
the  engineer  never  would  see  the  successful  completion  of  the 
grandest  products  of  his  genius. 


m 
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THE   USE  OF  ACETYLENE   IN    KAILWAY   STATION  AND 
TltVlN    LUillTIN(;. 


Bv  A.  LiPSCHUTZ. 


[Read  before  the  Civil  Engineers'  Society  of  St.  Paul,  March  5,  1900.*] 

The  question  of  lighting  isolated  plants  has,  until  lately,  been 
one  of  the  most  difficult  to  deal  with,  on  account  of  the  inadaptability 
of  the  several  sources  of  lights  for  this  purpose.  It  is  conceded  that 
lighting  with  oil  or  kerosene  lamps  is  insufficient  in  brilliancy  and 
obnoxious  on  account  of  the  smell,  and  therefore,  in  all  cases  where 
gas  from  a  central  station  at  a  reasonable  price  was  not  to  be  had, 
the  choice  of  lighting  has  generally  been  a  system  of  arc  lights  or 
incandescent  lights,  or  a  mixture  of  both.  A  great  many  railway 
stations  require  less  than  fifty  lights.  In  order  to  provide  for 
that  number  of  lights  the  cost  of  an  electric  light  plant  would  be 
excessive,  always  taking  into  consideration  that  no  direct  connec- 
tion with  an  existing  system  of  electric  lighting  can  be  made. 
Even  when  renting  electric  light  from  a  corporation  or  a  private 
individual,  the  cost,  as  a  rule,  has  been  high  enough  to  make  it 
preferable  to  endure  the  inconveniences  and  semi-darkness  of 
kerosene  lamps  instead. 

In  the  last  few  years,  however,  a  new  light,  which  seems  to  be 
admirably  adapted  for  the  purpose  of  lighting  isolated  plants,  has 
made  its  way  slowly  and  steadily  to  the  front.  This  new  source  of 
lighting  is  the  much-slandered  king  of  all  illuminants, — namely, 
acetylene.  The  great  ease  with  which  this  gas  can  be  manufac- 
tured and  the  small  cost  at  which  it  can  be  installed  have  emboldened 
many  to  place  on  the  market  apparatus  which  has  been  the  means 
of  delaying  the  ultimate  success  which  this  gas,  in  spite  of  all  objec- 
tions, is  bound  to  gain  for  itself. 

Given  a  piece  of  carbide,  two  tin  cans  and  some  water  in  which 
to  throw  the  carbide,  and  you  will  have  gas  as  pure  as  it  is  made 
with  most  of  the  modern  apparatus. 

The  composition  and  properties  of  acetylene  have  been  little 
understood,  even  by  those  who  made  it  a  business  to  build  apparatus 
for  its  generation. 

To  the  engineer  who  wishes  to  familiarize  himself  with  the 
practical  and  salient  points  of  this  gas,  its  adaptability  for  certain 
service,  its  danger,  etc.,  time  is  generally  not  given  to  take  up  a 
lengthy  study  in  order  to  make  himself  acquainted  with  its  chemical 
and  physical  properties.     With  this  fact  in  view,  some  of  the  most 
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important  properties  of  acetylene  will  be  mentioned  The  greater 
part  of  the  information  to  be  given  has  been  taken  from  the  admira- 
ble lecture  of  Professor  Lewes,  the  famous  expert,  whose  lec- 
tures were  published  in  full  in  the  Progressive  Age. 

Acetylene  gas  has  been  known  since  1836,  when  Mr.  Edmund 
Davy  produced  this  gas  and  called  it  bicarbonate  of  hydrogen.  He 
was  the  first  to  make  public  its  splendid  qualities  as  an  artificial 
illuminant,  and  predicted  that  it  would  take  the  lead  of  all  if  it 
could  be  produced  cheaply  enough.  As  the  carbide  which  he  used 
for  generating  this  gas  was  a  combination  of  rather  expensive 
materials,  it  is  easily  understood  that  from  that  time  on  little  had 
been  done  or  heard  regarding  acetylene  as  a  lighting  medium,  and 
it  is  due  to  the  invention  of  Mr.  Wilson,  who  in  1892  found  a  com- 
mercially successful  product  in  calcium  carbide,  that  this  gas  could 
be  produced  at  such  a  price  as  to  enable  it  to  enter  in  competition 
with  other  sources  of  lighting. 

Calcium  carbide  is  now  made  by  fusing  100  parts  of  lime  and 
70  parts  of  coke  in  an  electric  furnace.  The  material  used  for  the 
manufacture  of  carbide  must  be  of  great  purity ;  the  lime  should 
contain,  on  an  average,  99  per  cent,  of  CaO,  and  the  coke  should 
not  run  over  5  per  cent,  of  ashes.  The  lime  and  the  coke  are 
crushed  to  nut  size,  then  ground  to  powder  in  mills,  and  finally 
screened.  The  materials  are  then  weighed  and  mixed ;  the  latter 
process  is  continued  for  at  least  five  minutes  for  the  sake  of  uni- 
formity. The  mixture  is  then  introduced  into  the  electric  furnace 
and  fused  under  the  electric  arc.  When  cold  and  broken  into 
pieces,  carbide  has  the  appearance  of  granite,  and  is  equal  to  it  in 
hardness.  A  temperature  of  2700°  C.  is  required  for  its  formation. 
As  carbide  absorbs  moisture  from  the  air  very  greedily,  it  must  be 
protected,  in  transit  as  well  as  in  storage,  from  the  influence  of  the 
atmosphere.  It  is  therefore  shipped  in  air-tight  packages,  and, 
when  kept  above  ground  in  a  dry  place,  there  is  absolutely  no  dan- 
ger connected  with  its  storage. 

Carbide,  manufactured  as  above,  is  an  almost  pure  product. 
For  manufacturing  purposes,  one  mechanical  horse  power  is  re- 
quired for  a  yearly  output  of  i.i  tons  of  carbide. 

Carbide  is  sold  at  present,  in  carload  lots,  at  $68  per  ton,  with 
strong  indications  of  a  reduction  in  this  price  as  soon  as  rival  capital 
shall  compete  in  this  field. 

The  most  objectionable  impurity  in  carbide  is  magnesium, 
which,  while  melting,  takes  up  nitrogen  from,  the  air  and  forms 
magnesium  nitrate.  Such  carbide,  when  in  contact  with  water, 
gives  out  a  gas  rich  in  ammonia,  which,  if  not  washed  out  of  the 
gas,  will  clog  up  gas  pipes  and  burners  and  produce  smoking. 
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Berthelot  first  made  definitely  known  the  true  composition  of 
acetylene  as  92.3  carbon  and  "j.y  hydrogen,  with  a  density  of  0.92. 
If  carbide  is  placed  in  contact  witli  a  small  quantity  of  water  it  will 
not  generate  pure  acetylene  gas,  as  the  heat  developed  by  its  genera- 
tion will  allow  the  acetylene  to  polymerize,  and  the  result  will  be  a 
gas  ricii  in  benzine,  naphthaline  and  other  polymers,  which  lower 
the  candle  power  of  the  gas  and  cause  it  to  vary  with  each  instant, 
as  the  lighting,  under  such  circumstances,  is  done  with  benzine 
vapor  instead  of  acetylene  gas. 

Acetylene  is  colorless,  and  when  pure  and  dry  it  has  a  special, 
not  entirely  disagreeable,  smell,  as  it  is  neither  acrid  nor  corrosive ; 
when  hot  and  moist,  however,  the  odor  changes,  as  it  contains  then 
the  products  of  polymerization. 

The  temperature  of  inflammation  of  acetylene  is  about  400°  C, 
and  its  temperature  of  combustion  about  2000°  C.  It  therefore 
has  nearly  two  and  one-half  times  greater  heat  of  combustion  than 
illuminating  gas  per  cubic  foot,  but  for  equal  amounts  of  light  it 
gives  out  very  much  less  heat  than  illuminating  gas.  It  needs 
twelve  and  one-half  volumes  of  air  for  its  complete  combustion. 
The  fear  of  acetylene  as  a  poisonous  gas  was  dispelled  several  years 
ago,  as  it  has  been  conclusively  shown  by  very  extensive  experi- 
ments that  its  toxic  qualities  are  less  than  those  of  coal  gas.  There 
has  been  a  universal  belief  that  this  gas  attacks  metals,  and  espe- 
cially copper,  and  forms  with  them  explosible  combinations ;  and 
even  so  learned  a  man  as  Professor  Lewes  mentioned  in  one  of  his 
lectures  that,  on  account  of  this  property,  copper  must  not  enter 
into  the  construction  of  an  acetylene  gas  generator,  only  to  declare 
a  few  months  later,  after  hearing  of  the  Pintsch  Gas  Company's 
experiments,  that  his  position  wath  regard  to  the  use  of  copper  and 
brass  in  connection  with  acetylene  gas  had  been  erroneous.  In 
the  summer  of  1895  the  Pintsch  Gas  Company  made  the  following 
experiments,  in  order  to  throw  light  on  this  vexed  question :  They 
filled  several  steel  tanks  with  acetylene  at  a  pressure  of  150  pounds 
per  square  inch,  and  placed  in  these  tanks  numerous  articles  made 
of  nickel,  brass  and  copper,  and  exposed  these  tanks  on  the  roof  of 
a  building  during  nearly  an  entire  year  to  the  extreme  heat  of  the 
summer  and  the  severe  cold  of  the  winter.  After  opening  these 
vessels  it  was  found  that  none  of  the  metals  had  been  attacked  by 
pure  acetylene  gas,  and  that  even  in  some  tanks  where  unpurified 
gas  had  been  stored  only  oxidation  had  taken  place.  In  no  case 
was  it  possible,  by  either  pressure,  or  hammering  or  heating,  or  a 
combination  of  these  methods,  to  produce  explosion. 
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Bullier,  the  French  scientist,  suspended  copper  plates,  freed 
from  surface  oxidation,  in  acetylene  for  a  period  of  one  year,  at  the 
end  of  which  time  the  copper  was  found  to  be  as  bright  as  the  day 
it  was  put  in.  The  valves  of  the  acetylene  apparatus  in  his  labora- 
tory, which  were  also  made  of  copper,  show^ed  absolutely  no  sign 
of  having  been  attacked  by  acetylene  after  two  years'  service. 
Since  these  experiments  were  made  we  have  ourselves  observed 
generators  with  copper  parts  and  also  brass  pipes  used  in  chande- 
liers, which,  after  more  than  two  years  of  service,  have  shown  no 
signs  of  being  in  the  slightest  affected  by  the  gas. 

Acetylene  gas  becomes  liquid  under  about  700  pounds  per 
sc[uare  inch  of  pressure  at  ordinary  temperature.  At  37°  C,  which 
is  the  critical  point  for  acetylene  gas,  it  requires  a  pressure  of  1000 
pounds  per  square  inch  to  liquefy  it.  When  this  temperature  is 
passed  no  pressure  will  convert  it  into  a  liquid  state. 

Acetylene  gas,  wdien  heated  to  1432°  F..  will  dissociate,  and, 
when  not  compressed  to  more  than  30  pounds  per  square  inch,  the 
dissociation  is  confined  to  the  point  where  the  heat  is  applied,  and 
thus  no  explosion  occurs.  When,  however,  it  is  subjected  to  a 
pressure  of  more  than  30  pounds  and  heated  to  the  dissociating 
point,  a  violent  explosion  follows,  resulting  in  the  destruction  of 
the  confining  receiver.  Acetylene  gas  not  compressed  cannot  be 
exploded  by  shock,  heat  or  concussion.  A  pipe  leading  from  a 
gasometer  filled  with  acetylene  gas  was  heated  to  a  white  heat  about 
five  feet  from  the  gasometer,  and,  while  local  dissociation  of  the 
gas  at  the  heated  point  took  place,  no  explosion  could  be  produced. 
The  shock  of  a  bullet  shot  through  a  tank  filled  with  150  pounds 
compressed  acetylene  gas  also  failed  to  produce  an  explosion.  The 
crushing  of  a  receiver,  filled  with  acetylene  gas  compressed  to  150 
pounds,  under  a  ram  weighing  600  pounds  and  falling  20  feet,  pro- 
duced neither  explosion  nor  ignition. 

Acetylene,  like  every  other  combustible  gas,  forms,  with  air, 
an  explosive  mixture,  and  a  room  or  building  containing  an  acety- 
lene gas  generator  must  be  well  ventilated,  in  order  to  allow  for  a 
proper  exit  of  gas  leaking  from  the  generator. 

As  already  stated,  acetylene  has  a  great  density,  and  a  receiver, 
such  as  u  gas  bell,  for  instance,  open  on  top,  will  retain  gas  several 
days  if  the  gas  is  not  blown  out  by  a  current  of  air.  Hence  no 
repairs,  requiring  soldering  or  heat,  should  be  attempted  at  an 
acetvlenc  gas  generator  until  all  traces  of  gas  have  been  expelled 
from  the  apparatus. 

Non-observance  of  the  two  rules  just  stated  has  been  the  cause 
of  nearly  all  acetylene  gas  explosions  in  practice. 
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As  the  carbide  coniniercially  manufactured  is  never  chemically 
pure,  it  introduces  impurities  in  the  gas,  of  which  the  principal  ones 
are  ammonia,  phosphuretted  hydrogen  and  sulphuretted  hydrogen. 
It  is  due  to  the  two  last-mentioned  impurities  that  acetylene  gas  has 
a  disagreeable  garlic-like  smell,  which  disappears  whenever  these 
impurities  are  removed.  With  very  few  exceptions,  chemical  puri- 
fication of  acetylene  gas  has  thus  far  not  been  resorted  to  in  this 
country,  for  which  the  following  reasons  might  be  briefly  stated : 

The  commercial  carbide,  as  furnished  to  consumers  in  the 
United  States,  is  of  greater  purity  than  the  similar  article  in 
Europe.  A  second  and  probably  more  valid  reason  is  that  very 
few  attempts  have  been  made  in  this  country  to  burn  acetylene  with 
mantles,  as  in  incandescent  gas  lighting;  in  which  case  it  has  been 
found  that  the  organic  sulphur  and  phosphor  compounds  of  the  un- 
purified  gas  would  break  down  the  mantles,  thus  making  a  chemical 
purification  of  this  gas  compulsory.  Besides  washing  the  gas  free 
of  ammonia,  which  is  now  done  in  connection  with  nearly  all 
modern  generators,  the  elimination  of  other  impurities  might  be 
accomplished  by  three  different  processes, — viz,  (i)  passing  the  gas 
through  chromic  acid,  (2)  the  use  of  bleaching  powders  and  (3) 
the  application  of  acid  copper  salts. 

A  comparison  of  the  different  cjualities  of  rays  given  out  by  the 
several  light  sources  is  stated  as  follows : 

Coal  gas  gives  out  a  weak  light,  with  yellow  rays ;  destroys 
colors,  heats  the  air  and  has  strong  toxic  qualities.  It  is  weak  in 
diffusive  power. 

JClectric  arc  light  has  pale,  sickly,  violet  rays,  but  is  very  in- 
tense. It  is,  however,  the  least  diffusive  of  all  lights,  and  is  there- 
fore rapidly  being  supplanted  l)y  other  and  more  diffusive  lights. 

Incandescent  electric  light  has  reddish  rays,  mixed  with  yellow, 
and  is  fatiguing  to  the  retina ;  but  gives  out  little  heat. 

Incandescent  gas  light  is  too  often  rich  in  greenish  rays. 

Acetylene  gives  pure  white  rays ;  does  not  change  colors ;  is 
least  fatiguing  to  the  retina ;  has  but  slight  toxic  qualities,  and, 
being  the  most  diffusive  of  all  lights  known,  approaches  most  nearly 
sunlight.  It  has  eleven  times  greater  illuminating  power  than  coal 
gas. 

When  carbide  is  placed  in  contact  with  water,  gas  is  immedi- 
ately generated. 

The  different  ways  in  which  these  two  substances  may  be 
brought  together  have  given  rise  to  an  apparently  countless  num- 
ber of  generators,  all  of  which,  however,  may  be  classified  under 
three  different  methods  of  generating  this  gas, — namely: 
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1.  Water  drips  or  flows  to  the  carbide. 

2.  Water  rises  to  the  carbide  from  below. 

3.  Carbide  is  dropped  or  thrown  into  a  large  body  of  water. 
The  generators  of  the  first  system  are  mostly  used  for  small 

experimental  and  portable  apparatus,  such  as  headlights  and  bicycle 
lamps'.  The  high  temperature  of  generation  incident  to  bringing  a 
comparatively  large  quantity  of  carbide  together  with  a  small  quan- 
tity of  water  results  in  the  product  of  a  heated,  and  therefore  im- 
pure, gas,  for  which  reason  such  apparatus  is  unsuitable  for  any 
large  installation.  In  another  construction  of  this  type  of  generator 
water  flows  through  a  pipe  onto  the  carbide,  which  is  stored  in  a 
receptacle,  which  in  its  tin-n  is  connected  with  a  gasometer.  When 
gas  is  generated  the  bell  in  the  gasometer  rises,  and  when  in  its 
highest  position  closes  a  valve  in  the  water  pipe,  thus  stopping 
further  generation  of  gas. 

Still  another  form  of  generator  has  a  closed  carbide  receptacle 
immersed  in  a  tank  of  water,  and  a  water-supply  pipe  leading  froni 
the  carbide  receptacle  into  the  tank.  Water  pours  in  through  this 
pipe  and  onto  the  carbide,  until  the  pressure  of  the  gas  rises  suffi- 
ciently to  drive  back  or  hold  back  the  water  in  the  supply  pipe. 

This  type  of  generator  has,  besides  the  above-mentioned  de- 
fects, the  disadvantage  that,  in  the  absence  of  an  especially  large 
gasometer,  the  generation  of  gas,  after  the  water  supply  is  cut  off, 
may  raise  the  pressure  in  the  pipes  and  generator  to  a  dangerous 
degree. 

In  the  generator  mentioned,  sticking  of  the  water  valve  or 
failure  of  the  levers  or  other  means  for  opening  this  valve  may  also 
result  in  a  dangerous  rise  of  pressure. 

Generators  of  the  second  system  are  constructed  on  the  follow- 
ing principle :  In  a  tank  filled  with  water  is  inserted  a  bell,  free  to 
move  up  and  down  on  guides.  The  carbide  receptacle  is  hung 
inside  of  the  bell,  and  when  the  bell  is  in  its  lowest  position  water 
flows  through  holes  or  sieves  in  the  bottom  of  the  carbide  receiver. 
Gas  is  instantly  generated,  and  its  pressure  raises  the  bell,  and  with 
it  the  carbide  receiver,  thus  lifting  the  carbide  supply  away  from 
the  water  and  stopping  further  generation. 

There  are  in  use  numerous  modifications  of  this  method,  of 
which  one  may  be  mentioned  in  which  the  carbide  remains  station- 
ary, while  the  water  surface  is  acted  upon  by  the  gas  pressure, 
alternately  rising  to  and  receding  from  the  carbide,  according  to  the 
demands  of  the  machine. 

This  entire  class  of  generators  is  open  to  the  same  objection  as 
the  class  first  considered.  They  also  continued  to  generate  gas 
when  water  is  removed  from  the  carbide. 
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The  tliird  class  of  generators  operates  by  throwing  or  drop- 
ping a  small  charge  of  carbide  into  a  closed  tank  filled  with  water. 
The  gas  thus  generated  bul)l)les  ibrongh  the  water,  and  is  led  to  a 
gasometer  which  is  large  enongh  to  accommodate  the  amount  of 
gas  which  the  small  charge  produces. 

The  charge  introduced  in  the  generator  falls  on  a  grating,  and, 
being  surrounded  by  a  large  mass  of  water  on  all  sides,  generat'ion 
takes  place  with  but  little  rise  in  temperature.  The  gas,  by  rising 
in  bubbles  to  the  surface  of  the  water,  is  washed,  and  contains  only 
traces  of  ammonia. 

With  gas  produced  by  this  class  of  generators  it  is  impossible 
to  stop  up  pipes  and  burners,  as  the  ammonia  and  other  tar-form- 
ing ingredients  have  been  washed  out  of  the  gas  by  its  upward  pas- 
sage through  the  water.  From  such  a  generator,  which  has  been 
in  active  use  part  of  the  day,  evenings  and  nights  for  over  two 
years,  we  have  taken  out  pipes  close  to  the  generator,  and  also  some 
near  the  burners,  but  all  that  could  be  found  was  some  white  spots 
like  frost,  due  to  lime  being  carried  with  the  gas  from  the  generator, 
and  nearly  all  along  the  pipes  the  original  scale  of  the  iron  was  to 
be  seen ;  and  in  the  brass  pipes  of  the  chandeliers  we  could  find  no 
deposits  or  signs  that  the  metal  had  been  afifected. 

Such  testimony  has  been  corroborated  by  other  disinterested 
parties  in  this  country  and  Europe  to  such  a  degree  as  to  make  it 
advisable  to  consider  for  use  in  our  plans  only  apparatus  constructed 
on  the  third  principle. — namely,  that  by  which  small  charges  of 
carbide  are  introduced  by  hand  or  automatically  into  a  large  body 
of  water. 

It  is  fully  realized  that  a  large  amount  of  capital  is  invested  in 
the  manufacture  of  apparatus  of  the  first  and  second  systems,  and 
the  abandonment  of  these  classes  of  generators  will  therefore  be 
made  unwillingly  and  slowly ;  but  the  future  belongs,  without 
doubt,  solely  to  the  generators  of  the  third  system. 

As  the  charging  and  cleaning  of  generators  are  the  only  items 
of  expense  for  labor  connected  with  an  acetylene  gas  installation, 
it  becomes  of  importance  that,  with  automatic  machines,  such  as  are 
used  in  smaller  installations,  a  rather  large  machine  be  used.  For 
instance,  in  a  plant  requiring  fifty  lights  for  three  hours  daily  the 
consumption  of  gas  would  be  approximately  90  cubic  feet  per  day, 
necessitating  a  generator  capable  of  holding  18  pounds  of  carbide. 
As  there  is  generally,  in  a  passenger  station  or  freight  depot,  a  man 
to  be  found  whose  duties  will  permit  him  to  spend  an  hour  in 
charging  and  cleaning  the  machine,  it  will  be  seen  at  once  that  a 
generator  holding,  for  instance,  54  pounds  of  carbide  would  require 
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attention  only  about  twice  a  week  for  a  couple  of  hours,  and  such 
attention  can  be  given  without  seriously  interfering  with  the  at- 
tendant's other  duties. 

The  limit  in  size  for  an  automatic  machine  is  reached  in  a 
generator  capable  of  holding  a  charge  of  loo  pounds  of  carbide. 
This  w^ould  supply  practically  150  lights  for  three  hours.  When 
an  installation  requires  more  than  200  lights  it  would  appear  best 
to  use  a  machine  charged  by  hand,  and  employ  an  attendant  for  the 
sole  purpose  of  taking  care  of  the  plant. 

This  is  by  far  the  safest  and  most  satisfactory  way  of  generat- 
ing, and  there  is  no  doubt  that  for  all  larger  installations,  and  also 
for  village  and  town  plants,  such  a  system,  with  a  hand -fed  genera- 
tor in  connection  with  a  liberally  proportioned  gas-holder  and  a 
proper  system  of  piping,  will  prove  more  economical  and  less  liable 
to  accidents  than  an  installation  with  a  number  of  automatic 
machines. 

As  before  stated,  there  is  at  present  m  the  market  no  generator 
which  delivers  a  thoroughly  dry  gas,  and  it  becomes  therefore  of 
the  utmost  importance,  in  piping  for  acetylene,  to  follow  out  the 
rule  that  all  pipes  must  dip  from  the  burner  back  to  the  generator, 
in  order  to  free  themselves  from  moisture  and  condensation,  which 
otherwise  will  surely  freeze  up  in  the  pipes  and  prevent  the  gas 
from  reaching  the  burners. 

It  is  self-evident  that  the  generator  room  must  be  kept  moder- 
ately warm  all  the  year  round,  in  order  to  prevent  the  water  in  the 
generator  from  freezing.  There  is  no  danger  from  the  proximity 
of  a  stove  or  heater.  The  charging  and  cleaning  of  the  generator 
is  to  be  done  by  daylight,  and  no  artificial  light  must  be  permitted 
in  the  generator  room  when  the  machine  is  open,  as,  for  instance, 
in  charging. 

A  burner  consunnng  i  foot  of  acetylene  gas  per  hoiu^  will  yield 
from  45  to  50  C.P.  (candle  power),  whereby  it  will  be  understood 
that  the  piping  for  acetylene  can  be  of  much  smaller  size  than  for 
coal  gas.  It  is,  however,  not  advisable  to  use  a  smaller  size  than 
f-inch  pipe.  Common  burner  cocks,  such  as  are  used  for  ordinary 
illuminating  gas,  answer  very  well. 

With  reference  to  burners,  it  must  be  stated  that  good  burners 
are  still  very  expensive.  Cheap  burners  are  an  everlasting  source 
of  trouble,  and  necessitate  constant  renewals.  The  only  burner 
which  has  been  found  to  work  satisfactorily  with  acetylene  gas  is 
constructed  on  the  following  principle:  The  gas,  before  issuing 
from  the  burner,  is  divided  into  two  tiny  streams,  so  diverted  as  to 
form  between  them  an  angle  of  about  90°.     These  streams  impinge 
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on  each  other,  flatten  out  and  form  the  flame,  which  is  here  not  in 
direct  contact  with  the  burner,  and  thus  an  accumulation  of  carbon 
at  the  burner  ami  a  stopping  up  of  the  gas-hole  is  prevented. 

All-lava  burners  are  preferable  to  metallic  burners  with  lava 
tips,  although,  if  proper  care  is  taken  when  applying  the  latter,  good 
service  can  be  had  from  them  also.  While  we  have  burners  vmder 
observation  which,  after  two  years'  service,  arc  still  in  good  condi- 
tion, it  is  not  safe  to  figure  the  life  of  an  average  burner  as  more 
than  one  year.  They  should  be  tested  before  applying,  for  capacity 
as  well  as  for  efficiency,  as  it  is  not  an  uncommon  occurrence  to  find 
in  a  gross  of  burners  10  per  cent,  unfit  for  use. 

Before  concluding  this  part  of  the  paper,  given  over  to  a  de- 
scription of  the  use  of  acetylene  for  station  lighting,  it  may  be  of 
interest  to  have  some  details  of  a  plant  in  practice. 

The  Great  Northern  Railway  has  at  Ilamline  a  freight  transfer 
house,  which  consists  of  a  warehouse  about  800  feet  in  length,  hav- 
ing loading  platforms  at  each  side  for  the  entire  length  of  the  lutild- 
ing.  The  offices  are  located  at  one  end  of  the  structure.  There 
are  altogether  about  100  burners,  of  which  26  are  in  the  office, 
while  the  rest  of  them  are  grouped  in  three  rows ;  one  row  being  in 
the  center  of  the  freight  house,  and  the  other  two  rows  on  the  plat- 
forms. The  generator  is  installed  in  a  small  building  about  20  feet 
distant,  which  also  serves  as  a  dinner  room  for  the  men.  The  office 
lights  burn  all  night,  while  the  lights  in  the  freight  house  and  plat- 
forms are  needed  for  about  four  hours  daily  in  the  winter.  The 
generator  is  a  100-pound  carbide  machine,  and  is  charged  every 
other  day.  The  cost  per  lamp  hour  (22  C.P.)  varies  from  0.55 
cent  to  0.65  cent,  according  to  the  amount  of  gas  used.  This  in- 
cludes attendance,  depreciation  and  renewals. 

Formerly  the  lighting  was  done  with  kerosene  lamps.  Aside 
from  the  fact  that  it  required  the  exclusive  services  of  more  than 
one  man  to  fill,  trim  and  clean  100  oil  lamps  daily,  the  light  fur- 
nished by  these  lamps  was  found  to  be  insufficient  to  do  the  re- 
quired work.  The  light  furnished  by  the  acetylene  plant  has  re- 
duced the  cost  per  ton  of  freight  handled,  and  no  other  system  of 
lighting  could  be  installed  at  that  place  which  would  rival  it  in 
economy. 

We  have  now  a  number  of  passenger  stations  and  freight 
depots  equipped  with  acetylene  plants  in  operation,  and  several 
others  under  construction,  ranging  from  20  to  60  lights  each,  and 
in  no  case  has  an  acetylene  plant  been  decided  upon  except  where, 
by  its  smaller  operating  cost,  its  independence  of  rented  sources  of 
light  and  its  fine  illuminating  qualities,  it  has  shown  itself  to  be 
superior  to  other  systems  of  lighting. 
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Acetylene  in  train  lighting  is  by  no  means  a  newcomer.  It 
has  been  in  use  for  the  last  six  years  in  England,  Germany  and 
France,  in  connection  with  several  different  systems. 

The  standard  system  of  lighting  trains  of  the  Prussian  State 
railroads,  and  also  of  some  of  the  largest  railroads  of  England  and 
France,  consists  of  carrying  in  gas  tanks  under  coaches  a  mixture 
of  Pintsch  gas  and  acetylene  compressed  to  10  atmospheres,  or 
about  150  pounds'. 

The  experiments  of  the  Pintsch  Gas  Company  showed  that  the 
illuminating  power  of  their  gas  was  doubled  when  mixed  with  20 
per  cent,  of  acetylene.  The  fact  was  also  established  that  an  explo- 
sion will  not  occur  when  a  tank  containing  this  mixture,  compressed 
to  150  pounds,  is  heated  to  the  dissociating  point  of  pure  acetylene. 

Acetylene,  when  stored  under  a  pressure  of  not  more  than  30 
pounds,  cannot  produce  a  dangerous  explosion  when  heated  to  the 
dissociating  point,  and  the  system  of  lighting  suburban  trains  hav- 
ing short  runs  with  pure  acetylene  carried  in  tanks  under  cars  at  30 
pounds  pressure  has  been  in  successful  operation  for  several  years. 

This  system  of  low-pressure  storage  is,  however,  inadequate 
for  long-distance  trains,  and  in  order  to  use  acetylene  stored  at  the 
same  pressure  as  in  the  system  of  the  Pintsch  Gas  Company,  this 
latter  company  made  tests  with  acetylene  stored  under  150  pounds 
pressure ;  first  in  a  tank  having  riveted  seams,  and  then  in  their 
own  standard  tank  which  has  riveted  and  soft-soldered  seams. 

When  the  tank  with  riveted  seams  was  heated  to  the  disso- 
ciating point,  or  about  1432°  F.,  an  explosion  took  place  which 
demolished  the  tank. 

In  the  second  test  with  their  own  tank,  having  soft-soldered 
seams,  the  solder  commenced  to  melt  when  a  temperature  of  about 
380°  F.  was  reached,  thereby  springing  a  leak  by  which  the  gas 
escaped,  burning  out  quietly  without  any  injury  to  the  tank. 

It  was  therefore  concluded  that  acetylene  under  150  pounds 
pressure  stored  in  such  a  tank  could  be  carried  safely  even  in  case 
of  an  accident  by  which  the  car  might  be  overturned  and  the  wreck 
catch  fire.  As  already  mentioned,  there  are  no  means  of  exploding 
a  tank  filled  with  acetylene  gas  at  high  pressure  except  by  heating 
it  to  or  above  a  temperature  of  1432°  F.,  as  neither  shock  nor  con- 
cussion will  produce  an  explosion. 

There  appeared,  however,  another  reason  why  the  use  of  acety- 
lene under  higher  pressure  than  30  pounds  was  finally  abandoned  by 
the  Pintsch  Gas  Company,  and  its  system  retained  by  which  a  mix- 
ture of  Pintsch  gas  and  20  per  cent,  acetylene  is  used  compressed 
to  150  pounds. 
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It  is  well  known  that  from  the  gas  tank  under  a  coach  a  i-inch 
pipe  leads  to  the  reducing  valve,  in  which  the  gas  pressure  is 
reduced  to  about  2  inches  of  water.  From  the  other  side  of  the 
reducing-  valve  starts  the  main  car  pipe  by  which  the  lamps  in  the 
car  are  fed. 

This  main  gas  pipe  contains,  therefore,  gas  under  a  pressure  of 
only  a  fraction  of  a  pound,  and  no  heat  applied  to  this  pipe  will 
cause  an  explosion.  It  is  dififerent,  however,  with  the  high-pressure 
pipe  leading  from  the  gas  tank  to  the  reducing  valve.  If  this  pipe 
were  heated  at  a  point  about  4  feet  away  from  the  tank,  and  in  such 
a  way  that  the  heat  could  not  reach  the  tank  and  melt  its  seams,  it 
was  found  that  when  the  dissociating  temperature  of  acetylene 
(1432''  F.)  was  reached  an  explosion  took  place,  which  also  de- 
stroyed the  tank. 

In  order  to  overcome  this  objection  we  employ  in  our  system 
tanks  with  soft-soldered  seams  and  high-pressure  pipes  of  a  mate- 
rial that  will  melt  at  a  temperature  of  about  400°  F. ;  that  is,  1000^ 
below  the  danger  point  for  acetylene.  These  pipes  are  tested  with 
600  pounds  of  pressure,  and,  in  connection  with  the  soft-soldered 
seam  tanks,  render  an  explosion  impossible. 

Such  a  tank  and  pipe,  filled  with  150  pounds  of  acetylene, 
were  tested,  and  neither  the  heating  of  the  pipe  at  any  particular 
point  nor  the  heating  of  the  tank  in  a  fire  of  wood  saturated  with 
kerosene  oil  could  produce  anything  more  than  a  leak  by  which  the 
gas  burned  out  without  damage  to  the  tank. 

There  is  also  a  safety  valve  by  which  the  gas  escapes  when  a 
derailed  car  turns  over  on  its  side. 

So  far,  only  those  systems  of  acetylene  train  lighting  have  been 
mentioned  in  which  there  is  a  stationary  generating  plant,  from 
which  the  gas,  properly  generated,  cooled  and  purified,  is  supplied 
by  a  pipe  line  to  the  coach  yard  and  thence  to  the  tanks  under  the 
coaches. 

The  idea  of  generating  the  gas  on  the  train,  or  on  each  car 
proper,  has,  after  numerous  failures,  been  given  up  in  Europe  and 
Canada,  and  on  some  railroads  in  the  United  States. 

In  the  following  different  manners  of  generating  gas  on  the 
train,  all  of  which  have  been  tried  without  success,  are  mentioned: 

First.  Lighting  a  train  by  placing  in  the  baggage  car  a 
generator  of  sufficient  capacity  to  light  the  entire  train. 

Second.  Lighting  a  train  by  a  generator  placed  in  each  car, 
and  having  tanks  under  the  car  in  which  the  gas  is  stored  under 
pressure  from  the  gas  bell,  or  other  contrivance,  when  being 
generated. 
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Third.  Lighting  a  train  by  a  generator  placed  in  each  car  and 
using  the  gas  generated  directly  for  lighting  without  storage.  The 
generator  of  this  class  and  that  of  class  2  is  either  stationary  and 
charged  in  the  cars,  or  it  is  removable  and  is  replaced  when  empty 
by  another  generator  which  has  previously  been  filled  at  a  charging 
station. 

Fourth.  Lighting  a  train  by  means  of  generator  lamps, 
whereby  each  lamp,  similar  in  operation  to  the  well-known  bicycle 
lamp,  generates  its  own  gas.  The  reason  for  the  failure  of  all 
these  systems,  which  generate  the  gas  on  the  train,  has  already  been 
given. 

With  generators  placed  in  coaches  it  is  impossible  to  obtain  a 
dry  and  purified  gas,  and,  while  such  devices  may  be  made  to  work 
for  a  short  time,  stopped-up  pipes,  stopped-up  burners  and  ultimate 
failures  of  the  lights  always  come  sooner  or  later.  Such  failure 
has  sometimes  been  accompanied  by  accidents,  due  to  the  fact  that 
when  the  lights  are  turned  off,  or  when  the  water  supply  is  cut  off 
from  the  generator,  the  generation  of  gas  is  not  stopped,  and  thereby 
the  gas  inclosed  in  the  generator  or  pipes  is  subjected  to  a  pressure 
which  may  wreck  the  generator. 

It  is  also  evident  that  the  charging  of  a  generator  on  a  car  is 
obnoxious  on  account  of  the  smell,  and  this  operation  becomes  dan- 
gerous when  made  necessary  by  an  artificial  light ;  while  with  the 
storage  tank  system  gas  under  150  pounds  of  pressure  is  filled  in 
tanks  under  coaches  with  all  lamps  burning. 

Systems  which  employ  exchangeable  generators  are  yet  more 
obnoxious,  as  some  gas  always  escapes  when  the  change  is  being 
made  and  a  liability  of  loose  and  leaky  joints  is  introduced,  while 
the  joints  of  the  stationary  car  generator  are  made  permanent. 

This  system  is,  further,  a  costly  one,  requiring  more  men  and  a 
greater  number  of  generators  than  a  system  using  stationary  car 
generators. 

If  all  these  generators  have  been  unsuccessful  primarily  on 
account  of  the  quality  of  the  gas  generated,  very  little  need  be  said 
regarding  generator  lamps,  which  usually  make  a  gas  of  the  most 
vicious  kind.  Regarding  their  efficiency,  it  is  to  be  doubted 
whether  the  gas  made  in  such  lamps  possesses  60  per  cent,  of  the 
illuminating  power  of  gas  properly  generated  and  dried. 

It  is  only  with  systems  which  carry  their  gas  supply  in  tanks 
with  them  that  the  train  personnel  has  absolutely  no  other  duties  in 
connection  with  the  train  lighting  except  that  of  lighting  and  turn- 
ing off  the  lamps. 
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In  all  four  of  the  systems  mentioned  as  making  their  gas  supply 
on  the  train,  reliance  must  be  placed  on  the  proper  attendance  of  the 
train  personnel  for  a  satisfactory  lighting,  and  this  in  itself  is  a 
grave  inconvenience. 

As  far  as  economy  and  efficiency  is  concerned,  none  of  those 
systems  which  make  their  gas  on  the  train  can  compare  with  a 
system  carrying  gas  in  storage  tanks. 

The  initial  cost  of  equipping,  say,  ten  trains,  when  compared 
with  the  system  of  carrying  the  gas  in  storage  tanks,  is  for  system 
I  much  smaller ;  but,  as  such  a  plant  would  fill  nearly  the  entire 
baggage  car,  aside  from  all  the  other  objections  already  mentioned, 
this  system  has  in  practice  been  very  little  used. 

For  system  2  the  initial  cost  would  be  higher,  and  for  system 
3.  with  the  exchangeable  generator,  about  equal,  on  account  of  hav- 
ing to  provide  at  least  two  generators  for  each  car. 

The  initial  cost  will  be  less  for  system  3  with  stationary  car 
generators  and  without  storage  tanks,  and  also  for  system  4, 
employing  generator  lamps. 

Economy  can  be  had  only  in  the  manufacture  of  acetylene  in  a 
central  station  plant  where  a  gas  of  high  candle  power  is  produced. 
The  entire  plant  can  be  run  l)y  one  man,  even  if  the  plant  has  a 
flaily  capacity  of  10,000  feet,  which  is  equivalent  to  more  than 
30,000  feet  of  Pintsch  gas.  A  tank  under  a  coach  can  be  filled  by 
unskilled  labor  in  from  two  to  three  minutes,  and,  after  this  opera- 
tion is  performed,  only  the  lighting  and  turning  oft"  of  the  lamps 
remain  to  be  done  by  the  train  personnel. 

Figures  of  cost  for  the  different  methods  of  lighting  trains 
have  so  far  not  been  given,  and  before  entering  on  this  subject  it 
might  be  well  to  state  here  that  it  is  necessary  to  regard  with  a 
critical  eye  all  information  regarding  cost  of  lighting,  which  is  only 
too  often  furnished  by  interested  or  incompetent  persons.  If  this 
precaution  is  neglected  some  rather  curious  results  will  follow. 

In  a  paper  published  some  eight  months  ago  in  the  proceedings 
of  a  railway  club  a  statement  is  given  regarding  the  cost  per  light 
per  hour  for  different  lighting  systems,  according  to  which  the 
lighting  w-ith  storage  batteries  is  the  cheapest  of  all  methods  of 
lighting,  not  even  excepting  the  lighting  with  oil,  which  appears  to 
cost  about  three  times  more. 

Now,  as  the  life  of  a  storage  battery  is,  at  best,  only  three 
years,  and  generallv  in  train  service  not  more  than  two  years,  the 
depreciation  of  the  batteries  alone  would  amount,  per  candle  power, 
to  more  than  the  entire  cost  stated.  It  is  in  fact  one  of  the  most 
expensive  methods  of  lighting  a  train. 
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In  order  to  arrive  at  the  true  cost  of  a  candle  power  per  hour 
for  any  train  hght,  it  becomes  necessary  first  to  allow  for  the  proper 
depreciation  of  the  capital  invested  in  stationary  plants  and  train 
equipment ;  then  to  consider  the  expense  for  operating  same,  and 
finally  to  provide  for  renewals  and  repairs. 

As  all  lamps  in  electric  train  lighting  have  to  be  renewed 
several  times  in  one  year,  and  renewals  of  burners  in  gas  lighting 
are  also  necessary,  these  expenses  must  appear  in  a  comparative 
statement  of  cost.  In  fact,  no  item  should  arbitrarily  be  considered 
too  insignificant  to  enter  into  the  estimate  of  cost,  as  it  might  often 
materially  change  the  final  figure. 

To  light  a  modern  train  electrically  requires,  roughly  speaking, 
about  30  H.P.,  and  yet  a  company  manufacturing  apparatus  for 
train  lighting  states  in  its  circular  that  the  cost  for  power  is  so 
small  as  to  deserve  no  consideration. 

Comparative  statements  of  cost,  if  not  made  for  the  same 
locality  and  for  approximately  the  same  number  of  equipped  trains, 
are  misleading.  It  is  easily  seen  that  in  the  former  case  the  dif- 
ference in  cost  of  supplies  in  wages  and  in  the  total  number  of  lamp 
hours  per  year  prevents  a  true  comparison,  while  in  the  latter  case 
one  railroad  company  having  fifteen  trains  equipped  and  another 
company  only  two,  the  cost  of  operation  and  maintenance  per  light 
will  be  materially  affected. 

It  therefore  appears  impossible  to  give  the  cost  per  candle 
power  with  any  degree  of  accuracy,  and  figures  procured  from  one 
particular  case  should  not  be  set  up  as  averages. 

In  Chicago  Pintsch  gas  is  sold  to  customers  at  $5.cx)  per  1000 
feet,  delivered  in  holder  under  coach.  An  equal  amount  of  acety- 
lene gas,  even  when  manufactured  in  a  plant  of  smaller  daily 
capacity  than  that  of  the  Chicago  Pintsch  gas  plant,  can  be  placed, 
compressed  to  the  same  degree  as  Pintsch  gas,  into  the  holder  of  a 
coach  at  $10.50  per  1000  feet.  This  price  comprises  all  expenses, 
including  5  per  cent,  for  depreciation  of  the  plant  and  6  per  cent, 
interest  on  capital  invested,  with  carbide  at  $68.00  per  ton  f.  o.  b. 
at  factory. 

Acetylene  gas,  compared  with  Pintsch  gas,  has  an  illuminating 
power  of  3  to  I ;  hence  acetylene  would  be  30  per  cent,  cheaper  than 
Pintsch  gas. 

Aside  from  its  lower  price,  there  would  be  the  advantage  of 
having,  with  the  same  tanks  and  same  pressure  as  used  in  the 
Pintsch  system,  a  three  times  larger  supply  of  gas  on  the  car. 
Further,  the  much  greater  diffusive  power  of  acetylene  will  give  a 
superior  illumination  of  a  coach. 
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Acetylene  need  not  fear  the  competition  of  electricity  in  train 
lighting.  Any  system  of  electric  train  lighting  costs  more  than 
any  system  of  acetylene  lighting.  Electric  lighting  is  less  rehable, 
and  must  therefore  be  installed  with  an  auxiliary  system  of  lighting, 
such  as  oil  or  gas.  Putting  the  same  number  of  lights  in  a  car,  the 
car  lighted  by  acetylene  is  the  better  lighted  of  the  two.  The 
quality  of  the  light  given  by  acetylene  is  far  superior,  and,  if 
wanted,  acetylene  berth  lights,  acetylene  entrance  lights,  acetylene 
cigar  lighters  and  acetylene  driven  fans  or  any  of  the  other  attrac- 
tions which  are  placed  on  a  coach  for  advertising  purposes,  rather 
than  for  the  accommodation  of  the  traveling  public,  may  be  intro- 
duced. 
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SEWER  3IAIXTEXANCE.* 


Bv  W.  C.  Parmlev,  Member  of  the  Civil  Engineers'  Club  of  Cleveland. 


In  considering  the  social  conditions  under  municipal  organiza- 
tion the  sanitary  welfare  of  the  people  is  of  the  first  and  greatest 
importance. 

He  who  spends  money  for  fine  paintings  while  his  children  cry 
for  bread  commits  no  greater  crime  than  the  city  which  spends 
vast  sums  for  public  conveniences  or  in  beautifying  the  landscape 
unless,  first,  human  life  and  health  be  well  guarded. 

In  relation  to  the  public  health  of  any  city  two  factors  are  para- 
mount in  importance :  First,  a  pure  water  supply,  and,  second,  an 
adequate  and  efficient  system  of  sewerage.  It  is  to  the  second  of 
these,  the  sewerage,  that  I  wish  to  direct  your  attention  at  this  time, 
and  more  particularly  to  the  maintenance  of  such  system  after  it 
has  been  put  in  operation. 

The  city  of  Cleveland  at  the  present  time  has  a  vast  network 
of  sewers,  aggregating  about  257  miles.  These  sewers  already 
extend  their  benefits  to  the  greater  part  of  the  city,  and  are 
rapidly  reaching  for  the  outer  limits.  But,  after  they  are  built, 
what  is  being  done  to  keep  them  in  a  sanitary  condition?  In  the 
year  1898  the  total  amount  expended  for  cleaning  and  repairing 
was  less  than  $20,000,  or,  by  the  annual  report  of  the  Superin- 
tendent of  ^fetreets,  $19,592.91,  a  small  amount  to  keep  clean  and  in 
order  a  system  costing  our  citizens  over  $6,300,000  to  build. 

It  seems  well-nigh  impossible  for  man  to  outgrow  the  weak- 
ness expressed  in  the  saying,  "Out  of  sight,  out  of  mind" ;  and 
because  a  sewer  is  buried  beneath  the  surface,  the  mere  knowledge 
that  such  a  conduit  exists,  no  matter  what  its  filth  may  be,  seems 
to  satisfy  the  general  demand.  Yet,  as  our  eminent  sanitary  engi- 
neer, Mr.  Rudolph  H-ering,  has  truly  said,t  "a  sewer  will  never  be 
anything  but  a  powerful  enemy  in  our  midst,  and  if  not  under  per- 
petual supervision  will  some  day  bring  sorrow  to  our  homes.  To 
reduce  this  evil  to  a  minimum  it  is  absolutely  necessary  that  all 
works  be  designed,  built  and  maintained  according  to  the  latest  and 
most  approved  methods  of  the  science  of  sanitary  engineering,  and 
should  have  far  more  care  bestowed  upon  them  than  is  generally 
done  or  believed  to  be  necessary." 

^Manuscript  received  June  11,  1900. — Secretary,  Ass'n  of  Eng.  Sees. 
tProceedings.  Engineers"  Club  of  Philadelphia,  Vol.  I,  page  15. 
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A  sewer  can  no  more  1)0  built  and  then  left  to  take  care  of  itself 
than  can  a  building,  a  bridge,  a  pavement  or  a  machine.  Because 
it  is  buried  from  sight,  and  therefore  out  of  mind,  it  becomes  an 
enemy  all  the  more  insidious  and  dangerous.  If  the  surface  of  the 
street  becomes  foul  and  unsightly,  public  sentiment  will  require  its 
cleansing,  but  the  contents  of  a  sewer  ma\'  become  a  putrid  and 
filthy  mass  and,  by  the  escape  of  its  effluvia  into  our  dwellings 
through  some  unknown  defect  in  plumbing,  cause  irreparable 
injury  before  its  condition  is  stispected. 

At  the  present  time  it  seems  to  be  popular,  even  among  engi- 
neers, to  disarm  the  old  bugbear  "sewer  gas"  of  its  stipposed  terrors. 
While  it  is  acknowledged  that  there  is  no  such  gas,  I  think  no  one 
will  contend  that  the  emanations  from  a  foul  sewer  are  wholesome. 
()n  the  contrary,  their  effects  are  so  slow  and  insidious,  so  secret 
in  their  workings,  that  when  their  deadly  work  is  done  the  true 
cause  often  remains  unsuspected,  while  a  less  important  and  more 
immediate  or  noticeable  cause  bears  the  blame.  Foul  air  weakens 
the  system,  and  renders  it  vidnerable  to  attacks  from  disease  which 
otherwise  would  be  harmless.  The  city  of  Milwaukee  furnishes 
an  illustration  of  this  evil  of  unclean  sewers.  The  city  engineer, 
from  data  collected  by  him,  observed  a  prevalence  of  disease  in 
portions  of  the  city  where  sewers  were  not  properly  cleaned. 

The  causes  affecting  the  death  rate  are  complex  and  varied  in 
the  extreme,  involving  the  quality  of  the  water  supply,  climatic 
peculiarities,  habits  of  the  people  in  each  locality  and  general  con- 
figuration and  drainage  of  the  surface.  The  entire  sewerage  sys- 
tem of  any  particular  city  usually  receives  the  same  amoimt  of 
attention,  whether  that  be  much  or  little.  It  is  impossible,  there- 
fore, to  state  numerically  just  what  effect  the  foulness  or  cleanliness 
of  sewers  has  upon  the  death  rate,  but  all  authority  is  agreed  that 
matter  once  reaching  a  sewer  should  be  carried  to  the  outlet  before 
decomposition  has  begun. 

Granted,  then,  that  sewers  should  l)e  kept  fairly  clean,  we  may 
profitably  consider  the  present  method  pursued  in  our  city,  its 
defects  and  some  methods  of  remedying  them. 

Under  the  presen'  organization  the  maintenance  of  sewers  is 
in  charge  of  the  street  department,  and  thus  entirely  disconnected 
from  the  engineering  department,  under  which  they  were  con- 
structed. The  street  department  is  also  engaged  in  the  duties  of 
cleaning  the  surface  of  streets  and  repairing  defects  in  surface  im- 
provements. This  field  of  activities  in  a  large  city  requires  a  con- 
siderable force  of  workmen,  and  the  proper  and  economical  manage- 
ment therefore  becomes  correspondingly  difficult.  A  small  force 
32 
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of  men  is  employed  repairing  sewers  and  cleaning  catch-basins. 
Another  gang  is  occupied  in  flushing  and  cleaning  out  sewers 
where  stoppage  has  occurred.  These  gangs  are  liable  to  a  call  to 
any  part  of  the  city,  and  their  immediate  duties  depend  entirely 
upon  the  urgency  of  the  call.  Sewers  are  inspected  and  cleaned 
only  upon  complaint,  or  in  cases  where  the  department  knows  that 
they  need  frequent  attention  to  keep  them  in  operation. 

The  defects  of  this  method  are  many,  and  for  the  most  part 
obvious.     Among  these  we  may  notice : 

First.  The  magnitude  of  the  work  of  keeping  our  streets 
clean  is  sufficient  to  occupy  one  well-organized  and  well-equipped 
department. 

Second.  The  street  department,  having  the  care  and  mainte- 
nance of  the  sewers,  is  entirely  disconnected  from  the  engineering 
department,  where  all  the  sewers  are  designed  and  where  all  the 
records  are  kept.  It,  then,  does  not  possess  the  necessary  records, 
maps  and  other  data  to  enable  it  in  the  most  comprehensive  and 
economical  way  to  care  for  this  vast  system  of  sewers. 

Third.  Owing  to  the  insufficiency  of  the  force  and  organiza- 
tion of  the  work,  no  knowledge  is  had  of  the  condition  of  a  sewer 
until  some  complaint  of  its  foulness  is  made,  or  the  sewer  is  entirely 
stopped  by  the  accumulation  of  deposit.  It  thus  happens  that 
many,  indeed,  most,  sewers  are  never  examined  after  they  are 
accepted  from  the  contractor,  and  it  has  been  found  upon  examina- 
tion that  in  some  of  the  sewers  rubbish  has  lain  for  years  obstructing 
the  free  flow  of  the  water. 

In  many  cases  mortar  dropping  from  the  masons'  trowels  and 
adhering  to  the  walls  of  the  sewer  has  never  been  removed.  The 
capacity  of  the  sewer  is  thus  lessened,  and  the  tendency  to  foul 
deposits  greatly  increased.  While  the  city  was  at  fault  in  accept- 
ing sewers  before  the  mortar  was  cleaned  from  the  walls,  the  fact 
remains  that  a  large  number  of  our  sewers  should  be  thoroughly 
scraped  before  they  can  be  properly  maintained. 

Fourth.  In  consequence  of  these  facts  a  large  number  of  our 
sewers  are  ordinarily  in  an  unsanitary  and  filthy  condition,  endan- 
gering the  health  of  the  people  and  liable  to  produce  damage  by 
flooding  at  times  of  storms. 

Recently  something  like  one  hundred  examinations  of  lateral 
sewers  were  made  to  determine  the  conditions  of  those  cases  where 
the  flow  of  water  is  insufficient  to  carry  olT  the  heavier  matters 
reaching  the  sewer.  The  conditions  revealed  are  difficult  to 
describe,  and  would  naturally  startle  one  not  familiar  with  such 
sights.     In  many  instances  the  deposit  varied  from  a  few  inches  to- 
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over  a  foot  in  dcptli.  over  which  nieaiulercd,  in  shii^gish,  tortuous 
course,  a  tiny  filanicnt  of  semi-Hquid  putrifying  tilth. 

Fifth.  The  present  spasmodic  and  local  methods  of  flushin^^ 
too  often  flush  the  sediment  from  one  portion  of  the  sewer  to 
some  other  portion  farther  down  stream,  thus  making  the  condition 
at  the  latter  point  worse  than  hcfore. 

Sixth.  The  condition  of  our  catch-basins  is  unsatisfactory  as 
now  maintained.  Under  the  present  system  the  catch-liasins  are 
cleaned  by  contract  at  the  rate  of  59  cents  per  basin.  The  con- 
tractor cleans  those  designated,  and  as  often  as  ordered  by  the 
superintendent  of  streets.  About  $6000  are  spent  annually  for  this 
work,  in  addition  to  cost  of  repairs  and  cost  of  cleaning  and  flush- 
ing inlet  connections  with  these  catch-basins,  which  is  done  by  the 
street  department  and  charged  to  the  several  sewer  districts. 

It  is  not  known  just  how  many  catch-basins  tliere  are  in  the 
entire  city,  but  the  number  is  estimated  at  not  less  than  8000.  With 
the  expenditure  of  only  $6000  annually  it  is  easily  seen  that  each 
basin  cannot  be  cleaned  as  often  as  twice  a  year.  As  a  fact,  the 
basins  in  localities  where  they  fill  up  most  rapidly  are  cleaned  more 
often  than  this,  but  many  other  basins  are  not  cleaned  as  often  as 
once  a  year.  The  general  result  is  that  during  the  summer  months 
catch-basins  as  a  rule  stand  partially  or  entirely  filled  with  decom- 
posing filth,  and  the  offensive  odors  arising  tlicrefrom  are  ()ften 
apparent  to  the  passers  on  the  street. 

\\'hile  it  is  probable  that  the  cost  of  about  60  cents  for  cleaning 
each  basin  is  not  unreasona])le,  it  is  painfully  evident  that  they 
should  be  cleaned  much  more  often,  and  that  some  adequate  form 
of  inspection  should  be  maintained  in  order  that  they  may  not  stand 
for  weeks  at  a  time  as  noisome  and  pestilential  spots  along  our 
thoroughfares.  An  annual  expenditure  of  double  the  present 
amount  would  not  be  too  much  to  keep  these  appendages  to  the 
sewer  system  in  proper  condition. 

If  the  "white  wings"  system  of  street  cleaning  were  estab- 
lished in  our  city,  the  cost  for  this  item  of  sewer  maintenance  could 
be  materially  reduced  and  better  results  obtained. 

Seventh.  The  present  method  is  too  expensive,  considering 
the  results  attained. 

To  illustrate  the  actual  cost  under  the  present  system  of  flush- 
ing sewers,  I  have  chosen  several  of  the  cases  of  work  done  during 
the  summer  of  1899. 

These  examples  show  the  cost  for  flushing  and  cleaning  sewers, 
exclusive  of  the  cost  of  cleaning  catch-basins  or  repair  work  on 
sewers  or  basins. 
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The  cost  for  forty-seven  cases,  taken  during  the  summer  of 
1899,  aggregating  about  9.75  miles  of  sewers,  from  12-inch  pipe  to 
No.  7  brick,  was  $1910,  or  an  average  of  $196  per  mile.  More  in 
detail  we  may  give  the  following  instances  with  the  conditions  and 
costs,  which  will  be  of  value  in  comparing  them  with  the  costs  of 
similar  work  in  other  cities: 


Length, 
Feet. 

Kind  of  Sewer, 
Inches. 

Grade. 

Nature  of  Work. 

Cost  per 
Mile. 

960 

20,  No.  2 

0.5 

Simple  flushing. 

$40  70 

1625 

12—15 

0.5 

Simple  Hushing. 

104  00 

1625 

12—15 

0.5 

Simple  flushing. 

90  00 

9t2 

No.  2 

0.25 

(  Sewer  nearly  filled  with  fine  \ 
\     sand.                                      i 

2,S6o  00 

721 

No.  2 

0.3 

Ordinary  flushing. 

79  00 

1684 

No.  2 

0.25 

Ordinary  flushing. 

33  10 

2215 

12 — 15,  No.  2 

0.4  to  0.65 

Ordinary  flushing. 

46  70 

3736 

12 — No.  4 

0.3 

Ordinary  flushing. 

55  90 

1610 

20  and  No.  2 

0.25 

Sand  less  than  6  in.  deep. 

96  00 

827 

No.  2 

0.30 

Flushing. 

67  30 

658 

12  and  20 

0.3  and  0.4 

Flushing. 

84  So 

689 

Nos.  5,  6 

0.3  and  0.8 

Flushing. 

26  80 

832 

15 

0.25 

Some  sand. 

joi  00 

1278 

No.  2 

0.5 

Flushing. 

21  80 

1007 

12 

0.5 

Some  sand. 

50  50 

1 132 

12 

0.5 

Some  sand. 

73  50 

779 

12 

0.4 

Some  sand. 

84  80 

779 

12 

0.4 

Some  sand. 

190  50 

802 

12  and  15 

0.32 

Flushing. 

82  20 

1662 

12  and  20 

0.3  and  0.4 

Some  sand. 

29  80 

1600 

Nos.  2,  4,  6,  7 

0.25 

/  Sand  I  in.  deep  taken  out  1 
1     at  M.  H.                                / 

525  00 

903 

12 

0.3 

Flushing. 

108  00 

805 

12—15 

0-3 

Flushing. 

80  50 

U43 

Nos.  I,  2,  3 

0.2 

Sand  2  in.  deep. 

104  00 

803 

12—15 

03 

Flushing. 

79  50 

649 

No.  2 

0.5 

Flushing. 

38  70 

873 

12 

0.3 

Flushing. 

86  40 

1 135 

12 

0.5 

Some  sand. 

91  00 

"33 

12 — 15,  No.  I 

0.2  and  0.3 

Flushing. 

33  30 

341 

No.  2 

025 

r  Depression  in  sewer,  dead  1 
1     water  and  sand.                   j" 

S60   GO 

IIOO 

12,  No.  2 

0.2  and  0.3 

Sand  9  in.  deep. 

299   GO 

1507 

No.  2 

0.25 

Sand  from  3  in.  deep  to  ^  full. 

463    00 

587 

12—15 

0.25 

Flushing. 

121    00 

1012 

12 — 20 

0.3  and  0.4 

Flushing. 

56    80 

1643 

12,  No.  2 

0.12  to  0.5 

Light  flushing. 

14    10 

1610 

20  and  No.  2 

0.25 

Flushing. 

51    80 

362 

15 

1% 

Flushing. 

115   GO 

585 

12 

0.7 

Flushed  rubbish. 

518   GO 

1356 

15 

0.25  and  0.5 

Flushing. 

82    00 

300 

No.  4 

0.25 

f  Sand    I  '2    ft.  deep.      Sand  1 
\     flushed  ahead  by  hose.      j 

1,128   00 

610 

No.  4 

0.25 

f  Sand  6  in.  to  lyi  ft.  deep,  1 
1.     flushed  ahead  by  hose.      J 

1,195   GO 

1473 

15 — 20,  No.  2 

0.3  and  0.6 

Flushing. 

143    50 

966 

15  and  No.  a 

05 

Flushing. 

126   50 

528 

20  Brick 

0.5 

Flushing. 

61    40 

sk\vi:r  .maixti-:xaxce. 
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In  Cleveland  egg-shaped  sewers  jiave  the  following  elements 
for  those  mentioned  ahove  : 


Height, 

Width, 

Area, 

Hydraulic 

Feet. 

Feet. 

Sq 

uare  Feet. 

Radius 

^ 

(Sewer  full). 

No.  2 

2.25 

1.94 

3-41 

0.518 

No.  3 

2-75 

2.23 

4.75 

0.609 

No  4 

3-23 

2.54 

6.35 

0.702 

No.  5 

3-74 

2.95 

8.55 

0.815 

No.  6 

4.22 

3-33 

10  90 

0.920 

No.  7 

4.69 

369 

13-39 

1.020 

Willi  these  figures  hefore  us  it  will  be  instructive  to  observe 
what  is  the  cost  for  similar  work  elsewhere.  In  order  to  obtain 
facts  in  regard  to  the  maintenance  of  sewers  I  addressed  letters  to 
a  large  numl)er  of  our  more  important  cities. 

The  cost  for  flushing  and  cleaning  the  sewers  in  the  cities 
named  is  given  in  the  following  table.  It  seems  apparent,  however, 
that  in  some  instances  the  cost  given  must  include  other  items,  or 
else  there  was  some  error  in  the  figures  stated.  The  fact  of  whether 
flush  tanks  are  used  or  not  and  the  number  in  use,  together  with 
^he  amount  of  pipe  and  brick  sewers,  is  also  stated. 


TABLE  I. 
Showing  Cost  per  Mile  for  Cleaning  Sewers. 


Name  of  City. 


Yearly  Cost  per  Mile  for  Cleaning 
and  Flushing. 


Brockton.  .Mass $5-00  for  pipe  sewers.    None  for  brick. 

Buffalo.  N.  Y About  $158.00 

Chicago,  111 !|66.98,  inchiding  cleaning  catch-basins. 

Dayton,  O 'About  fi2.8o  for  sanitary  .system 

Denver,  Col !$53.7o 

Indi^iapolis,  Ind About  $S8.oo  for  cleaning  and  repairing 

Lowell.  Mass Practically  nothing 

Minneapolis,  Minn About  *53.ii,  exclusive  of  catch-basins. 

Madison,  Wis 'Not  more  than  $5.00 

New  Haven.  Conn '  j '^^°"'  ^'S.oo  for  pipe  sewers  and  | 

'  I  (     >2b.oo  to  $35.00  for  storm  sewers,  j 

Newark,  N.  J iPipe.  $211.20  ;  brick,  $844.80 

New  York   N   V  '  /  ^'''^  sewers,  about  $40.30 ;    brick  ) 

[I      sewers,  $20.40 i 

Paterson    N    1                   f  About  $110.00  per  mile  for  pipe  and  ) 
'  '  ■  ■' 1      brick j 

("When  test  pits  are  necessary,  about  ] 
Rochester,  N.  Y -;     I500.00  for  pipe  sewers,  and  from  > 

(    $750.00  to  f  1000  for  main  sewers. ) 

Rockford,  111 Less  than  $100.00  per  mile 

Salt  Lake  City.  Utah $200.00  for  mains 

San  Antonio,  Tex $47.30  for  brick  and  pipe 

Spokane,  W'ash $15.00  to  $20.00 

St.  Paul,  Minn $25.50  for  pipe  and  brick 

Scranton,  Pa About  $80.00:9-10  being  for  catch-basins 

Winchester,   Mass $36.00 

Youngstown,  O $48.40 


No.  Miles  No-  Miles 

^^inrr^'  '  Sanitary 
storm        „..  r>:„„ 

Sewers  in     °'J'P? 
^:,,.        Sewers  in 

^">-  City. 


3.5 

527 
45 
21 -9.^ 


Q  I 

S,3 


17 
1.9 
861 

39 
210.74 


100.03 
o 

42.6 

58.90 

368* 


95 

None 

7 

4 

o 
50.10 

2-5 


36.7 

21-75 
53-1 
92.47 
124* 

51 


273 
70 
18.5 
103.64 
46.75 
17. 1 


Number 

and  Use 

of 

Flush 

Tanks. 


No 
No 

20 
Yes 
151 
Yes 
No 

82 

30+ 
No 

19 

I23t 

No 
No 

30 

200 
65 

'    4  or  5 

No 

No 
Very  few 


*In  Borough  of  Manhattan. 


tUsed  but  little. 


tin  Borough  of  Richmond. 


Z7^ 
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While  it  is  apparent  that  there  is  a  very  wide  range  in  the  cost 
per  mile  in  the  different  cities,  depending  no  doubt  upon  the  local 
conditions,  methods  of  doing  the  work,  etc.,  yet  on  the  whole  the 
cost  in  our  city  ranges  very  high,  as  shown,  for  the  various  cases 
given  above.  The  cause  of  this  e-xcessive  cost  lies  apparent  on  the 
surface.  In  each  case  where  it  exceeds  a  certain  amount  sand  or 
other  deposit  has  choked  the  sewer  to  a  considerable  degree.  Had 
these  sewers  been  cleaned  before  the  accumulations  had  become  so 
deep,  the  cost  for  several  cleanings  would  not  have  aggregated  so 
much  as  for  the  one  cleaning  given,  and  the  sanitary  results  would 
have  been  far  better.  That  our  sewer  cleaners  are  able  to  do  a 
given  amount  of  work  at  a  reasonable  cost  is  shown,  I  think,  by  the 
small  cost  per  mile  in  those  cases  where  the  sewers  were  not  seri- 
ously clogged  by  deposit. 

This  fact  suggests  in  part  the  remedy  for  the  present  method 
of  repair  and  cleaning  work.  If  the  organization  and  appropriation 
for  the  maintenance  of  this  department  were  adequate  to  the  needs, 
these  sewers  would  not  be  allowed  to  become  so  obstructed,  and  the 
cost  for  doing  the  work  would  then  drop  to  a  point  comparable 
with  the  cost  in  other  cities. 

In  order  to  indicate  the  general  methods  pursued  elsewhere 
the  following  table  is  given,  which  shows  what  cities  have  indicated 
a  preference  for  flushing  with  flush  tanks  and  which  prefer  to  use 
the  hydrants.  To  indicate  the  kind  of  sewers  and  the  number  of 
flush  tanks  in  use,  these  data  are  also  added,  as  shown: 

TABLE  II. 
Showing;  Method  of  Flushing  Preferred. 


Cities  Preferring  Flush  Tanks. 

Cities  Preferring  Hydrants. 

Num- 
ber 
Flush 
Tanks 
in  Use. 

Miles 

of 

Brick 

Sewers. 

Miles 

of 

Pipe 

Sewers. 

Num- 
ber 

Flush 
Tanks 
in  Use. 

Miles 

of 

Brick 

Sewers. 

Miles 

of 

Pipe 

Sewers. 

Atlanta,  Ga 

Canton,  Ohio 

150 

73 

50 
151 

*3o 

ti23 

t255 

70 

20 

II 200 

1l4  or  5 

65 

22 

100 

§27 

0 

15 
8 

T 
22 
2.6 

0 
368 
19.8 
0 
0 

4 
50.1 

0 
124 
II 
5-9 
7 

70 
20 

43-2    ; 
210.7 

39-4 
21.8 
124 
504 
41      ' 
22 

103.6 
18.5 
18 
21 

41.9 
27-3 

Binghaniton,  N.  Y 

Duluth.  Minn 

La  Crosse,  Wis 

Madison,  Wis 

Newark,  N.J 

Spokane.  Wash 

Wilmington,  Del 

Voungstown,  Ohio  ... 

95 

0 

*o 

t30 

19 

165 

10 

3  or  4 

7.8 
2.6 

1-5 
0 

58.9 
0 
12 
3 

25 
12.3 

Denver,  Col  

Lincoln,  Neb 

Madison,  Wis 

New  York,  N.  Y 

Peoria,  111 

Pueblo,  Col 

Rockford.  Ill 

San  Antonio,  Texas.. 

St.  Paul,  Minn 

Spokane,  Wash 

Toledo.  Ohio 

Trenton,  N.J 

Topeka,  Kan 

Salt  Lake  City,  Utah 

21.8 

1S.5 
41 
I 

♦Flush  tanks  are  preferable  for  flushing.         1 
t To  be  increased  to  158.                                        ' 
lOnly  2  in  use  owing  to  litigation  with  water 
company. 

II"  More  reliable  but  less  effective'' than  hy- 
drants. 
UPreferred  "  if  water  is  free." 
JWagon  tanks  are  used,  but  flush  tanks  are 
better.' 

*Have  had  20  or  more. 

tHydrants    are   best    for  removal   of  stop- 
pages. 
tHvdrants  best  for  stoppages  only. 
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It  is  noticeable  that,  as  a  rule,  those  cities  having  most  experi- 
ence witli  automatic  flush  tanks  express  themselves  as  favoring  this 
method,  rather  than  depending  upon  the  spasmodic  or  even  regular 
use  of  a  stream  from  a  fire  hose. 

The  question  of  the  desirability  of  building  flush  tanks  in  the 
city  of  Cleveland  is  an  important  one.  Our  city  contains  no 
example  of  this  modern  apparatus.  There  are  in  the  city  approxi- 
mately 950  sewer  dead  ends,  which  means  that  if  a  flush  tank  were 
constructed  at  the  upper  end  of  each  lateral  sewer  the  construction 
of  950  flush  tanks  would  be  required.  In  the  near  future  the  num- 
ber would  easily  reach  1000.  The  cost  of  these  1000  flush  tanks 
would  be  about  $60,000.  Suppose  that  thirty-year  3^-  per  cent, 
bonds  were  issued  to  pay  for  their  construction,  the  annual  charge 
for  interest  would  be  $2100,  and  the  payment  to  the  sinking  fund 
at  the  same  interest  rate,  in  order  to  pay  the  bonds  at  maturity, 
would  be  $1200,  making  a  total  annual  cost  of  $3300.  The  con- 
sumption of  water,  at  300  gallons  daily,  would  be  109,500,000  gal- 
lons annually,  at  a  cost  of  about  $650.  The  cost  of  repair  and 
maintenance,  at  2  per  cent.,  would  be  $1200.  An  estimated  cost  of 
attendance  to  keep  them  in  operation,  employing,  say,  five  men, 
each  inspecting  twenty  tanks  daily,  making  a  complete  inspection 
about  every  ten  days,  at  $1.50  per  day,  would  be  $2250  per  annum. 
The  total  cost  of  providing  and  maintaining  such  a  system  of  flush- 
ing would  thus  be  about  $7400. 

At  the  end  of  the  thirty  years  the  cost  would  be  reduced  by 
$3300,  or  to  $4100  annually,  providing  the  cost  of  repairs  were  not 
increased  by  rusting  away  of  the  cast  iron  siphons.  As  some  cast- 
ings would  probably  need  replacing,  we  may  set  the  average  annual 
charge  for  maintaining  these  1000  flush  tanks  in  operation  after 
the  bonds  have  been  paid  ofl:"  at  $5000  a  year. 

The  result  obtained  would  be  that  the  terminal  portions  of  all 
lateral  sewers  would  always  be  kept  in  a  cleanly  and  sanitary  con- 
dition, while  the  sewers  more  than  1000  feet  downstream  from  the 
flush  tanks  would  be  only  slightly  improved  thereby. 

The  use  of  the  hose  from  hydrants  would  therefore  be  neces- 
sary on  all  main  lines  of  sewers  where  the  sediment  tends  to 
deposit.  Since,  however,  the  principal  hydrant  flushing  that  is 
done  at  the  present  time  is  on  the  upper  ends  of  the  lateral  sewers, 
the  cost  for  this  flushing  would  be  considerably  decreased. 

The  proportion  of  the  total  expense  of  maintenance  chargeable 
to  this  hydrant  flushing  and  cleaning  at  the  present  time  is  not 
known,  since  the  accounts  do  not  separate  it  from  the  general 
charge  for  repairs  on  sewers.  That  much  more  in  this  line  should 
be  done  is  evident  from  the  sfenerallv  foul  condition  of  the  sewers. 
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In  comparison  with  the  work  that  would  be  performed  by  the 
looo  flush  tanks,  we  may  estimate  that  four  gangs  of  three  men 
each,  w'ith  light  wagons  and  apparatus,  could  flush  all  the  sewers 
from  the  d^ad  ends  at  least  once  a  month.  The  scouring  efl^ect  of 
each  flushing  would  be  greater  than  that  obtained  from  the  flush 
tanks,  and  would  extend  downstream  a  greater  distance.  The  cost 
of  this  force  annually  would  be  about  $7200,  or  approximately  the 
same  as  the  cost  of  maintaining  the  flush  tank  system.  If  such  a 
system  were  inaugurated  I  believe  that  the  amount  of  flushing 
recjuired  on  the  downstream  reaches  of  our  sewers  would  be  com- 
paratively small. 

While  not  prepared  to  advocate  the  immediate  construction  of 
1000  flush  tanks,  in  my  opinion  it  would  be  a  good  policy  to  build 
tanks  at  such  points  as  show  a  special  tendency  to  become  foul. 

The  number  to  be  built  would  be  determined  from  examination 
of  each  individual  lateral.  Supplementing  these  with  systematic 
flushing  monthly,  as  indicated,  of  all  dead  ends  not  so  provided 
would  revolutionize  the  condition  of  our  sewers. 

It  is  common  with  us  to  let  out  the  more  important  repair 
jobs  to  contractors.  As  showing  in  what  favor  elsewhere  this 
method  is  held,  I  found  that  out  of  fifty-eight  cities  only  five — viz, 
Buffalo,  Erie,  Philadelphia,  Troy  and  Youngstown  (Ohio) — let 
sewer  repair  work  by  contract.  All  the  remainder  of  the  cities 
reporting  do  all  of  this  work  by  a  regular  force  in  the  employ  of 
the  city  cleaning  and  repair  department. 

Indeed,  we  do  not  need  to  go  elsewhere  to. learn  that  the  city 
can  economically  do  this  work.  In  May,  1899,  a  serious  break 
occurred  in  the  steep  outlet  portion  of  the  Ontario  street  sewer. 
After  a  length  of  66  feet,  requiring  almost  no  excavation,  was 
rebuilt  by  contract  at  $14  per  lineal  foot,  it  became  necessary  to 
rebuild  about  144  feet  more  of  the  sewer  lying  at  a  depth  of  about 
20  feet.  For  this  latter  work  the  lowest  bid  was  $22  per  foot,  or  a 
total  of  $3168.  The  bid  was  rejected,  and  the  work  performed  by 
the  sewer  department  at  a  total  cost  of  $1960,  or  at  $13.60  per  foot, 
thus  saving  over  $1200. 

If,  therefore,  our  present  method  of  flushing  and  repairing 
sewers  be  defective,  what  kind  of  an  organization  would  be  most 
efficient,  and  under  what  department  should  it  operate? 

As  an  aid  in  solving  the  latter  question,  I  find,  upon  examining 
the  data  at  hand  pertaining  to  other  cities,  that  the  maintenance  of 
sewers  is  either  under  the  street  cleaning  or  public  works  depart- 
ments, under  a  specially  organized  sewer  maintenance  depart- 
ment, or  directlv  under  the  chief  engineer. 
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An  cxaniinaiioii  of  the  cases  falliiiii'  under  each  of  these  four 
headings,  lo  discover  if  possil)le  under  wliich  method  the  best 
resuhs  are  ohlained,  reveals  interesting-  results. 

Of  sixty-ime  cities  considered,  I  find  twelve  where  sewer 
maintenance  is  under  the  street  department,  twelve  where  the 
report  shows  it  t(T  l)e  (h"recll\-  iiiKkr  a  ])ul)h'c  works  department, 
twenty  under  the  sewer  department  and  seventeen  under  the  city 
engineer. 

In  the  first  and  third  classes  we  find  the  cities  of  first  rank  in 
importance  and  population,  the  two  other  classes  representing 
cities  of  medium  size. 

The  cities  in  each  class  were  graded  '"good,"  "fair"  or  "bad," 
depending  upon  the  general  results  obtained,  judging  by  the  infor- 
mation received.  Those  rated  "good"  are  cities  where  regular 
inspection  and  tlusliing  is  carried  on,  and  where  the  sewers  at  all 
times  are  kej)t  in  a  sanitary  condition.  Under  "fair"  are  included 
those  cities  having  less  regular  and  frequent  flushing  and  inspec- 
tion, and  where  apparently  some  of  the  sewers  at  times  are  not  in 
good  order.  The  term  "bad"  is  applied  to  those  cities  where  there 
is  no  regular  inspection  ;  where  the  cleaning  is  carried  out  only  upon 
stoppage  of  the  sewer,  or  where  complaint  is  made  of  back  flooding 
or  other  sewer  troubles.     The  result  shows : 

Good.         Fair.  Bad. 

Street  Department i  5  6 

Public    Works    Department 147 

Sewer  Department 9  10  i 

City    Engineer ". 674 

By  this  comparison  two  things  are  clearly  brought  out, — viz, 
first,  the  ineflficient  maintenance  when  the  care  of  the  sewers  is 
under  a  street  cleaning  department,  where  the  attention  primarily  is 
given  to  keeping  the  surfaces  of  the  street  in  proper  condition,  and, 
second,  the  comparatively  good  results  obtained  when  sewer  mainte- 
nance is  under  a  sewer  department,  in  w'hich  the  care  of  sewers  is 
the  one  business  in  hand.  The  cities  under  the  city  engineer  show 
good  results,  because  in  those  cases  the  work  is  usually  divided 
between  sub-departments,  each  with  regular  assigned  duties. 

The  sewer  department  is  usually  a  subdivision  of  the  public 
works  or  of  the  city  engineer's  department,  it  being  rather  immate- 
rial for  our  purpose  by  which  of  these  departments  the  work  is  done, 
because  either  is  a  definite  organization  created  for  definite  work, 
and  may  reasonably  l)e  supposed  to  perform  efficiently  its  own 
special  duties.  Since  with  us  city  engineering  is  a  subdivision  of 
the  public  works  department,  the  obvious  lesson   from  the  above 
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observations  is  that  the  work  of  cleaning  and  repairing  sewers 
should  be  a  subdivision  under  the  chief  engineer.  Coming,  then, 
to  a  statement  of  what  would  appear  to  be  an  efficient  organization, 
we  may  mention : 

First.  The  entire  matter  of  maintaining  our  sewerage  system 
should  be  under  the  general  direction  of  the  chief  engineer. 

Second.  Directly  in  charge  of  the  work  there  should  he  a 
competent  civil  engineer,  whose  training  and  experience  fit  him  for 
this  special  work. 

Third.  The  city  should  be  divided  into  several  districts,  for 
the  purpose  of  securing  more  complete  and  thorough  work. 

The  outlines  of  these  districts  for  the  most  part  would  foUpw 
the  lines  of  division  between  the  different  drainage  systems,  but 
several  outlet  main  sewers  with  their  laterals  might  be  embraced 
in  one  district. 

The  boundaries  of  these  areas  could  easily  be  modified  at  any 
•time  should  such  modification  be  found  to  simplify  the  work  of 
inspection  and  repair. 

Fourth.  Each  district  should  be  under  the  care  of  a  competent 
inspector,  with  such  assistance  as  experience  may  show  to  be  neces- 
sary. These  inspectors  need  not  be  engineers,  but  intelligent  work- 
men who  are  able  to  understand  the  work  and  who  are  able  to 
direct  the  workmen  engaged. 

Fifth.  Require  frequent  and  regular  inspection  of  all  sewers 
and  catch-basins.  The  frequency  in  some  cases  would  be  greater 
than  in  others,  but  it  is  safe  to  say  that  every  sewer  should  be  in- 
spected and  flushed,  if  necessary,  as  often  as  once  a  year,  and  most 
of  the  sewers  much  oftener.  Some  sewers  which  are  known  to 
cause  special  trouble  and  the  upper  portions  of  lateral  branches 
should  be  given  even  more  frequent  attention.  Otherwise,  in 
general,  the  inspection  and  flushing  should  begin  at  the  remote 
laterals  and  progress  systematically  downstream  to  the  outlet. 

Sixth.  A  sufficient  number  of  flushing  and  repair  gangs 
should  be  provided  for  each  district,  who  report  directly  to  the 
assistant  engineer  in  general  charge.  This  engineer  assigns  their 
daily  duties  in  accordance  with  the  reports  received  by  him  from 
the  several  inspectors. 

Seventh.  An  adequate  system  of  accounts  should  be  kept, 
showing  the  cost  of  the  work  in  each  particular  case,  and  a  record 
kept  where  the  cost  is  equitably  apportioned  among  the  several 
legal  sewerage  districts  of  the  city.  In  order  to  do  this  work  in  a 
city  of  this  size  a  competent  clerk  would  be  necessary. 


SEWER  MALXTENANCE.  381 

Eighth.  An  adequate  annual  appropriation  should  be  made 
by  the  City  Council  for  the  maintenance  of  our  sewers,  and  should 
be  none  the  less  because  the  results  obtained  are  not  apparent  to  the 
eye  of  the  ordinary  citizen.  In  a  large  degree  the  healthfulness  of 
our  city  depends  upon  the  faithfulness  with  which  this  work  is 
done. 

From  a  consideration  of  the  facts  shown  in  Table  I,  and  from 
the  experience  of  other  cities,  it  would  appear  that  an  annual 
appropriation  of  $50  per  mile  for  flushing  and  cleaning  sewers,  in 
addition  to  the  appropriation  for  repairs  and  the  cleaning  of  catch- 
basins,  would  not  be  unreasonable  for  the  purpose  of  keeping  the 
sewers  in  a  proper  condition.  This  appropriation  of,  say,  $15,000, 
added  to  an  average  of  $20,000  for  repairs  and  cleaning  of  catch- 
basins,  or  $35,000  for  the  entire  city,  is  about  5  per  cent,  annually 
on  the  original  cost  of  the  work,  as  the  cost  of  keeping  the  sewers 
clean  and  in  repair.  Xo  other  class  of  structures  can  be  main- 
tained at  so  small  a  percentage  of  their  cost,  and  the  people  of  an 
intelligent  city  ought  not  to  object  to  so  slight  a  tax  in  considera- 
tion of  the  improved  healthfulness  of  the  city. 

"Gold  that  buys  health  can  never  be  ill  spent." 

DISCUSSION. 

Mr.  AI.  E.  Rawson. — I  fully  agree  with  Mr.  Parmley,  who 
has  given  the  matter  careful  thought,  that  all  cleaning,  repairs  and 
renewals  of  sewers,  flush  tanks  and  basins  throughout  the  entire 
system  of  sewers  should  be  under  the  supervision  and  "care  of  the 
engineering  department,  which  plans  and  constructs  them ;  not  only 
because  the  engineer  who  plans  and  constructs  this  work  will  be 
more  zealous  of  its  care  and  anxious  for  its  success  than  any  one 
else,  but  because  he  has  all  plans  showing  sizes,  depths  and  gradients 
of  the  sewer  at  his  command  for  ready  reference,  as  to  the  kind  and 
nature  of  the  repairs  most  needed  and  most  economical. 

The  cleaning  and  repairing  of  all  sewers  in  this  city  is  now 
being  done  by  the  street  department ;  too  frequently  with  unskilled 
men,  certainly  by  men  without  a  full  knowledge  of  the  sizes,  depths, 
direction  of  flow  or  manner  of  original  construction  of  the  sewers 
and  basins  they  are  sent  to  repair,  and  without  that  interest  which 
the  engineer  would  have.  I  have  frequently  known  instances  in 
point  where  an  ignorant  laborer  has  broken  out  a  submerged  catch- 
basin  trap  because,  standing  on  top  of  the  Ijasin,  he  could  see  no 
way  for  the  water  to  get  out. 

Too  frequently  it  is  easier  to  fill  up  a  hole  in  the  street,  caused 
bv  a  l)reak  in  the  arch  of  a  sewer,  than  it  is  to  go  inside  the  sewer. 
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find  the  cause  of  the  trouble  and  make  the  repair  thorough  and 
lasting. 

The  fine  yellow  sand  upon  the  surface  of  most  of  our  streets, 
and  the  almost  inevitable  presence  of  very  fine  blue  quicksand 
underneath,  encountered  in  the  construction  of  almost  every  sewer 
in  this  city,  are  insidious  foes  to  good  construction  of  sewers  and 
to  their  care  and  maintenance  afterwards. 

The  present  practice  of  flushing  sewers  by  the  street  depart- 
ment is  often  a  detriment  rather  than  a  benefit,  as,  while  it  may 
remove  the  sediment  or  obstruction  from  the  front  of  one  owner's 
residence,  it  is  only  to  pile  the  sand  up  in  front  of  his  neighbor  and 
does  not  remove  it  from  the  sewer. 

As  to  the  desirability  or  necessity  of  using  automaftic  flush 
tanks  for  keeping  the  sewers  in  good  sanitary  condition,  the  dis- 
tinction should  be  made  between  a  city  like  our  own,  where  the 
storm  water  is  depended  upon,  either  wholly  or  in  part,  to  flush  the 
sewers,  and  other  cities  and  villages  where  the  sewage  flows  in  one 
sewers  and  the  storm  water  in  a  separate  one.  In  this  latter  case 
flush  tanks  or  similar  devices  are  an  absolute  necessity.  In  the 
former  case,  as  in  Cleveland,  flush  tanks  may  be  desirable,  but  with 
us  there  is  not  the  same  necessity  for  them,  and  they  have  never 
been  used. 

Mr.  Parmley. — The  question  of  whether  flush  tanks  are  or 
are  not  a  necessity  depends  upon  our  understanding  of  the  word. 
After  examining  one  hundred  or  more  of  the  terminals  of  our 
sewer  system  in  those  localities  where,  if  anywhere,  they  should  be 
in  good  order,  in  the  month  of  December,  after  the  flushing  effect 
of  the  fall  rains,  and  finding  in  every  instance  from  a  few  inches 
to  a  foot  of  putrifying  matter  in  the  bottom,  with  a  tiny  stream 
flowing  over  the  surface,  in  my  opinion  the  flushing  of  oin*  sewers 
may  be  considered  necessary.  Only  occasionally  will  sewers  be- 
come so  clogged  that  the  flow  is  actually  stopped,  but  every  prin- 
ciple of  sanitary  science  requires  that,  so  far  as  possible,  deposits 
in  them  be  prevented.  This  can  be  done  only  by  keeping  the 
terminals  flushed,  either  automatically  or  otherwise,  frequently 
enough  to  prevent  the  formation  of  deposit  and  the  decomposition 
of  organic  matter  in  the  sewer. 

Mr.  J.  C.  Beardsley. — Does  the  flushing  of  paved  streets  have 
an  injurious  effect  on  the  sewers? 

Mr.  Parmley. — Only  when  the  grade  of  the  sewer  is  flat  and 
when  the  volume  flowing  is  small.  Most  of  our  main  sewers  in  the 
downtown  portion  of  our  city  are  on  sufficient  grade,  and  have 
volume  of  flow  enough  to  carry  away  the  rubbish  from  the  streets. 
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]\Ir.  W.  L.  Convlks. — I  was  surprised  to  learn  of  the  large 
number  of  flush  tanks,  about  looo  I  believe,  which  w^ould  be  re- 
quired to  supply  Cleveland  completely  with  this  service,  especially 
in  view  of  the  small  number  in  use  in  other  large  cities.  Is  there 
an\  other  city  where  this  system  has  been  installed  with  the  com- 
pleteness implietl  by  the  numljcr  indicated  for  Cleveland? 

Mr.  PAR^[LEV. — 1  know  of  no  city  where  as  many  as  looo  flush 
tanks  have  been  installed.  It  is  not  my  intention  to  advocate  the 
immediate  construction  of  that  number  of  tanks  for  this  city.  The 
figures  and  calculation  were  given  in  order  to  make  a  comparison 
with  another  system  of  flushing.  It  is  my  opinion  that  flush  tanks 
should  be  placed  at  the  upper  ends  of  some  of  our  laterals.  The 
number  ultimately  to  be  operated  could  be  determined  by  the  suc- 
cess attending  other  methods  of  flushing.  I  am  thoroughly  con- 
vinced that  a  much  more  efficient  method  of  flushing  sewers  should 
be  carried  out  than  that  now  in  vogue. 
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Engriiieers'  Society  of  Western  New  York. 


Regular  Meeting,  January  8,  1900. — Meeting  called  to  order  at  7.35 
P.M.;  Mr.  Haven,  President,  in  the  chair. 

The  following  members  present:  Haven,  Knighton,  ]\Iarch,  Ricker,  Tiit- 
ton,  Diehl,  Bardol,  Buttolph,  Morse,  Tresise,  Cornell,  Vander  Hoek,  Roberts, 
Fields. 

The  minutes  of  the  last  regular  meeting  were  read  by  the  Secretary,  and 
were  approved  with  the  following  correction  by  Mr.  Haven:  The  tellers  in- 
formally reported  that  Mr.  Tresise  had  been  elected  Librarian,  but  in  looking 
over  the  ballots  it  was  found  that  this  was  an  en  or,  and  on  the  formal  report 
it  was  found  that  Mr.  Knighton  had  been  elected. 

Mr.  Tutton,  representing  the  Society  upon  the  Board  of  Managers  of  the 
Association  of  Engineering  Societies,  presented  letters  from  Prof.  Geo.  D. 
Shepardson,  of  which  the  following  are  abstracts: 

"I  have  the  pleasure  of  announcing  an  application  for  membership  in  the 
Association  Iiy  tlie  Engineers'  Club  of  Cincinnati,  which  has  a  membership 
list  of  about  ni,  including  i  honorary,  95  active  and  14  associate  members. 
Their  report  for  1897  shows  10  meetings,  at  which  13  papers  were  read." 

"During  the  year  we  have  already  added  the  Engineers'  Society  of 
Western  Xcw  York  and  the  Louisiana  Engineering  Society." 

"It  gives  me  great  pleasure  to  announce  as  the  result  of  the  ballot 
for  officers  of  the  board  for  the  ensuing  two  years:  Whole  number  of 
ballots  cast  for  Chairman,  15;  James  Ritchie,  Cleveland,  12;  scattering.  2; 
for  Secretary,  John  C.  Trautwine,  Jr.,  15.  Mr.  Ritchie  is  therefore  duly 
elected  Chairman,  and  Mr.  John  C.  Trautwine,  Jr.,  is  duly  elected  Secretary 
of  the  Board  of  Managers." 

Mr.  Tutton,  Librarian  for  1898-99,  reported  as  follows: 
To  THE  President  and  Members  of  the  Engineers'  Society  of  Western 

New  York: 

Our  library  to-day  consists  of  about  150  bound  volumes,  and  about  300 
pamphlets,  many  of  which  should  be  bound. 

We  subscribed  for  nine  periodicals  in  1896.     This  was  cut  down  to  six 
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in  1897-98,  and  for  the  coming  year  to  four, — namely,  The  Engineer,  Engi- 
neering Magazine,  Water  and  Gas  Review  and  Power. 

We  receive  from  various  societies,  etc.,  the  Journal  of  the  Association, 
Transactions  of  A.  S.  C.  E.,  A.  S.  M.  E.,  A.  I.,  Elec.  Engr.,  also  Proc. 
Canadian  Society  of  C.  E.,  Western  Soc.  of  Engineers,  Engineers'  Club  of 
Philadelphia,  Engineers'  Soc.  of  W.  Pennsylvania,  Journal  of  Water  Works 
Assns.,  The  Brick  Builder.  We  have  been  receiving  papers  from  the  Smith- 
sonian Institute,  relating  to  Civil  Engineering;  Chief  Engineer's  Report,  War 
Department.  Some  special  volumes  from  the  Engineering  Department, 
United  States,  Coast  and  Geodedic  Survey,  United  States  Department  of 
Agriculture,  Forestry  Division  and  Timber,  United  States  Consular  Re- 
ports, etc.     We  have  been  receiving  these  without  any  return. 

The  donors  to  the  library  have  been  Messrs.  Geo.  A.  Ricker,  T.  Guilford 
Smith,  the  New  York  State  University,  B.  F.  Sturtevant  &  Co.  in  1898-99. 

I  would  again  call  the  attention  to  the  By-laws  requiring  a  copy  of 
papers  read  before  the  Society  to  be  deposited  with  the  Librarian.  This  has 
not  been  complied  with.  The  amount  of  papers  read  during  the  past  year, 
however,  would  not  make  this  task  onerous. 

The  Librarian  was  directed  by  the  Chair  to  procure  the  maps  of  the 
Geological  Survey,  issued  by  the  United  States,  and  other  Government  publi- 
cations. 

Mr.  Haven. — The  By-laws  state  that  the  Executive  Committee  shall 
make  a  report  annually  to  the  Society.  As  there  has  been  no  report  made  by 
them  for  the  last  two  years,  I  will  ask  the  Secretary  to  read  the  minutes  of 
the  Executive  Committee  for  the  past  two  years.  Minutes  read  by  the  Secre- 
tary in  accordance  with  the  above. 

On  motion  of  Mr.  Ricker  the  Chair  appointed  Messrs.  Ricker,  Bardol, 
\'ander  Hoek,  Houck  and  Guthrie  a  committee  to  investigate  the  status  of 
delinquent  members  and  report  to  the  next  meeting. 

Mr.  Tutton  offered  this  resolution  : 

Resolved,  That  it  is  the  duty  of  the  Secretary,  without  further  authority 
from  the  Society,  to  drop  from  the  mailing  list  of  the  Journal  of  the  Asso- 
ciation OF  Engineering  Societies  at  the  beginning  of  each  year  the  name  of 
any  member  who  has  not  paid  his  dues  for  the  preceding  year,  and  the  Secre- 
tary shall  immediately  call  the  attention  of  the  delinquent  member  to  this 
resolution. 

Further,  whenever  a  member  shall  pay  up  his  dues,  his  name  shall  be 
restored  to  the  Journal  mailing  list.     Seconded  by  Mr.  Diehl,  and  carried. 

On  motion  of  Mr.  Tutton  it  was  ordered  that  a  committee  of  five  be 
appointed,  of  which  the  Chair  shall  be  chairman,  to  draft  amendments  to 
the  Constitution  and  By-laws,  and  report  at  the  regular  May  meeting  of  the 
Society. 

Meeting  adjourned,  on  motion  of  Mr.  Morse,  at  10  p.m. 


Civil  Engineers'  Society  of  St.  Paul. 


St.  Paul,  Minn.,  January  15,  1900. — The  sixteenth  annual  meeting  of 
the  Civil  Engineers'  Society  of  St.  Paul  was  held  in  Parlor  B,  Windsor 
Hotel,  at  8.30  P.M.;  President  Estabrook  in  the  chair.  Fifteen  members  and 
nine  visitors  present.     Minutes  read  and  approved. 
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Tlic  annual  reports  of  the  officers  were  read  and  accepted.  On  recom- 
mendation of  the  Government  of  the  Society,  the  dues  for  1899  were  re- 
mitted. The  Librarian  was  authorized  to  have  the  periodicals  of  the  past 
year  bound.  The  Secretary  was  directed  to  make  the  usual  arrangements 
for  the  care  of  the  Society  room. 

The  following  ofncers  were  elected: 

President— Capt.  A.  O.  Powell. 

\'ice-President — A.  W.  Miinster. 

Secretary — C.  L.  Annan. 

Treasurer — A.  N.  Hogeland. 

Librarian — C.  A.  Winslow. 

Representative  on  Board  of  Managers  of  the  Association  of  Engineer- 
ing Societies — Geo.  L.  Wilson. 

Mr.  W.  A.  Truesdell  read  a  paper  on  the  "Life  of  Archibald  Johnson," 
late  member  of  the  Society.  After  adjournment  a  social  hour  was  spent  in 
the  dining  room. 

C.  L.  Annan,  Secretary. 


Detroit  Eng-ineeriiig-  Society. 


The  44TH  Regular  Meeting  of  the  Society  was  held  at  the  Hotel  Ste. 
Claire,  Friday,  November  24,  1899;  President  Keep  presiding. 

Messrs.  William  Scott,  J.  H.  Galwey  and  F.  T.  Barcroft  were  elected  to 
membership. 

Messrs.  Dunlap,  Molitor,  Field  and  Russell  spoke  on  subject  of  ex- 
erting influences  of  the  Society  in  appointment  of  members  of  the  Board  of 
Public  Works  of  the  City  of  Detroit.  Mr.  Dunlap  introduced  the  following 
resolution: 

"That  a  committee  of  three  be  appointed  by  the  Chair  to  draw  up  a 
platform  or  statement  of  principles  of  this  Society  in  regard  to  the  desirable 
constitution  for  the  Board  of  Public  Works,  with  reasons  therefor;  this 
committee  to  report  to  the  Executive  Committee  as  soon  as  possible  and 
the  Executive  Committee  be  given  full  authority  to  act  thereon." 

The  motion  was  carried  and  the  Chairman  appointed  Messrs.  Wisner, 
Dunlap  and  Molitor. 

The  address  of  the  evening  was  read  by  Mr.  Mattsson  on  "Lake  Trans- 
portation." The  paper  was  discussed  by  Messrs.  Wilkes,  Field,  Russell, 
Tippey,  Wisner  and  others. 

Adjourned  at  9.45.  T.  H.  Hinxhman,  Jr.,  Secretary. 


The  45TH  Regular  Meeting  of  the  Society  was  held  at  the  Hotel  Ste. 
Claire,  December  22,  1899.     Minutes  of  the  last  meeting  read  and  approved. 

Mr.  G.  S.  Williams  was  elected  member  of  the  Board  of  Managers  of 
the  Association  of  Engineering  Societies  to  represent  this  branch. 

Mr.  F.  A.  Little  was  elected  a  member  of  the  Society. 

The  Executive  Committee  reported  the  deliberations  of  the  Legislative 
Committee  to  the  Society  for  action.  The  report  was  read  in  full.  Mr. 
Mc^Lith  moved  (seconded  by  Mr.  Field)  that  the  report  be  forwarded  as 
per  resolution.     Motion  was  lost  after  discussion. 
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Paper  by  Mr.  Keep  on  "Impact"  with  discussion  by  Messrs.   Greene, 
Ziwet,  McMath,  Dow,  Field  and  others  followed. 
Adjourned  at  11.30. 

T.  H.  HiNCHMAN,  Jr.,  Secretary. 


Detroit,  Mich.,  January  26,  1900. — The  forty-sixth  regular  meeting  of 
the  Society  was  held  January  26,  1900;  President  Keep  presiding.  Approxi- 
mately twenty-five  members  were  present  to  hear  the  paper  by  Mr.  Chas.  L. 
Weil,  professor  of  mechanical  engineering  at  the  Michigan  Agricultural 
College,  entitled  "Notes  on  Construction  of  Underground  Systems  of 
Steam  Piping."  The  paper  treated  on  prominent  installations  in  Kalama- 
zoo, Lansing,  Boston,  New  York  and  other  places.  A  very  interesting  dis- 
cussion followed,  in  which  Messrs.  Cooley,  Hubbell,  Torrey  and  others  par- 
ticipated. After  the  discussion  a  vote  of  thanks  was  moved  and  carried,  and 
Professor  Weil  and  those  who  took  part  in  the  discussion  were  requested 
to  reduce  their  remarks  to  writing  for  publication  in  the  journal  of  the 
Society. 

Meeting  adjourned  at  10.45.  T.  H.  Hinchman,  Jr.,  Secretary. 


Tecliuical  Society  of  the  Pacitic  Coast. 


Regular  Meeting,  December  5,  1899. — Called  to  order  at  8.30  p.m. 
by  President  Percy. 

The  minutes  of  the  last  regular  meeting  were  read  and  approved. 

Mr.  Harry  Larkin,  San  Francisco,  was  duly  elected  an  associate  mem- 
ber upon  count  of  ballots. 

The  President  announced  the  death  of  H.  H.  Hirst,  a  member,  who  died 
on  December  23,  and  appointed  a  committee  consisting  of  Professors  Frank 
Soule  and  H.  I.  Randall  to  draw  up  a  memoir  of  the  deceased  member  to 
be  read  before  the  Society  and  published  in  the  Journal. 

The  Nomination  Committee,  through  its  Chairman,  Mr.  C.  E.  Grunsky, 
submitted  the  following  ticket  of  officers  for  the  ensuing  year: 

For  President — G.  W.  Percy. 

For  Vice-President — Louis  Falkenau. 

For  Secretary — Otto  von  Geldern. 

For  Treasurer — E.  T.  Schild. 

For  Directors — Hermann  Barth,  T.  W.  Brooks,  A.  E.  Chodzko,  E.  F. 
Haas  and  S.  C.  Irving. 

Upon  motion,  the  ticket  was  accepted  and  the  Secretary  instructed  to 
prepare  the  ballots  for  an  election  to  be  held  at  the  annual  meeting,  January 
19,  the  tellers  to  be  appointed  before  that  date. 

Mr.  P.  E.  Lamar,  member  Technical  Society,  thereupon  addressed  the 
Society  on  the  subject  of  "Work  of  the  Army  Engineer  during  the  Philip- 
pine Campaign,"  relating  personal  experiences  and  observations. 

Adjourned. 

Otto  von  Geldern,  Secretary. 


TROCEEDINGS. 
"Kiiaiueers'   Club  of  St.   Louis. 


500TH  JNIeeting,  January  5,  1900. — Meeting  was  called  to  order  at  8.15 
P.M.;  President  Chaplin  presiding.  Twenty  two  members  and  one  visitor 
were  present.  The  minutes  of  the  498th  and  the  499th  meetings  were  read 
and  approved.  The  minutes  of  the  283d  and  284th  meetings  of  the  Executive 
Committee  were  read.  There  being  no  miscellaneous  business,  the  paper 
of  the  evening,  on  "The  Pollution  of  Rivers,"  was  presented  by  Prof.  J.  L. 
Van  Ornum. 

The  paper  proved  of  exceptional  interest  in  view  of  its  practical  bear- 
ings upon  some  of  the  successful  methods  for  the  prevention  of  contamina- 
tion of  rivers  and  their  significance  to  the  problem  now  confronting  St. 
Louis.  An  historical  sketch  was  given  showing  how,  in  early  times, 
people  were  engaged  with  the  solution  of  this  all-important  question,  purify- 
ing sewage  by  irrigation  or  using  it  for  fertilizing  purposes.  In  later  years 
attempts  were  made  to  dilute  the  sewage  with  water,  believing  that  with  a 
definite  flow  of  water  a  harmless  mixture  would  result,  with  no  contamina- 
tion. Yet  some  of  the  largest  European  cities  have  been  obliged  to  estab- 
lish filtration  plants,  as  even  9  cubic  feet  of  water  per  second  per  thousand 
inhabitants,  or  about  three  times  the  dilution  proposed  by  Chicago,  has  been 
found  inadequate  and  dangerous. 

The  discussion  provoked  by  the  reading  of  this  paper  was  unusually 
active  and  was  participated  in  by  Messrs.  Chaplin,  Flad,  Hermann,  Ocker- 
son.  Freeman,  Russell,  Spencer,  Layman  and  Bryan. 

A  motion  was  made,  seconded  and  carried  that  a  committee  of  three 
members  be  appointed  by  the  Chair  to  invite  the  co-operation  of  other 
organizations  in  the  city,  to  consider  the  action  necessary  to  secure  the 
filtration  of  the  city's  water  supply  and  report  their  action  to  the  Club  for 
consideration.  The  Chair  appointed  Messrs.  Spencer,  Van  Ornum  and 
Ockerson  on  the  committee. 

A  motion  was  also  made  and  carried  that  copies  of  Mr.  Colby's  paper, 
on  "Water  Pollution,"  read  at  the  annual  dinner,  and  Prof.  Van  Ornum's 
paper,  on  "The  Pollution  of  Rivers,"  of  January  3,  be  forwarded  to  the 
Missouri  Congressmen,  at  Washington,  D.  C,  for  useful  reference  and  in- 
formation in  the  pending  case  of  the  Chicago  drainage  canal. 

Adjourned. 

F.  E.  Bausch,  Secretary. 


501ST  MeetiiNG,  January  17,  1900. — Meeting  was  called  to  order  at  8.25 
P.M.;  President  Chaplin  presiding.  Nineteen  members  and  two  visitors  were 
present.  The  minutes  of  the  500th  meeting  were  read  and  approved.  The 
minutes  of  the  285th  meeting  of  the  Executive  Committee  were  read. 

The  application  of  Mr.  Chas.  Fremont  Sturtevant  was  read  and  referred 
to  Executive  Committee. 

The  committee  of  three  appointed  to  invite  the  co-operation  of  other 
organizations  in  the  citj'  to  consider  the  action  necessary  to  secure  the  filtra- 
tion of  the  city's  water  supply  made  a  verbal  report.  About  thirty  prominent 
organizations  had  been  communicated  with  and  replies  received  from  most 
of  them,  stating  that  similar  committees  had  been  appointed  and  efforts  were 
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being  made  to  secure  some  united  action  in  the  matter.  It  was  suggested  to 
include  among  the  list  of  clubs  the  Wednesday  Club. 

The  question  of  a  change  of  quarters  for  the  Club  was  discussed,  but 
action  deferred  until  further  investigation  could  be  made. 

The  subject  of  the  evening  for  discussion  was  then  led  by  Prof.  J.  H. 
Kinealy,  on  "What  Degrees  Should  be  Conferred  by  Schools  of  Engineering 
in  the  Universities  of  America?"  A  paper  was  read  giving  the  results 
reached  by  the  committee  of  three  appointed  by  Washington  University  to 
arrive  at  some  standard  by  which  degrees  should  be  granted  thereafter  by 
the  university.  The  committee's  recommendations  were  that  the  degree  of 
Bachelor  of  Science  be  conferred  at  the  end  of  four  years'  work  at  the 
school  of  engineering.  After  one  more  year's  study  in  the  university  and 
the  presentation  of  a  thesis,  the  degree  of  Master  of  Science  should  be 
granted.  Two  more  years'  work  and  the  presentation  of  an  acceptable 
thesis,  the  degree  showing  the  result  of  original  investigation,  entitles  the 
applicant  to  a  degree  of  Doctor  of  Science.  The  professional  degrees  C.E., 
M.E.  and  E.E.  are  given  to  those  holding  bachelor  degrees  from  Washington 
University  after  three  years  of  professional  work,  one  of  which  has  been  in 
responsible  charge  of  important  work,  and  the  presentation  of  a  thesis  show- 
ing ability  to  design  and  execute.  These  requirements  are  now  in  force  at 
Washington  University.  The  discussion  which  followed  was  participated  in 
by  Messrs.  Moore,  Humphrey,  Bryan,  Colby,  Layman  and  Bonton. 

Prof.  E.  A.  Englerdean,  of  the  School  of  Engineering  of  Washington 
University,  was  the  invited  guest,  and  gave  an  interesting  account  of  the 
condition  of  things  at  the  European  universities,  not  excepting  our  own 
university.  The  results  of  a  thorough  investigation  by  the  committee  of 
Washington  University  led  to  the  adoption  of  a  rational  standard  by  the 
authorities  of  the  university,  which  it  is  hoped  may  be  emulated  by  other 
institutions  of  its  kind. 

Adjourned.  F.  E.  Bausch,  Secretary. 


Euffineers'  Club  of  Cincinnati. 


I2TH  Annual  Meeting,  Cincinnati,  Ohio,  December  21,  1899. — Dinner 
was  served  at  6.30  p.m.  Twenty-six  members  present.  Regular  meeting 
called  to  order  at  8  p.m.;  Vice-President  Punshon  in  the  chair. 

Minutes  of  the  meeting  of  November  16  were  read  and  approved. 

Application  for  active  membership  was  presented  by  Mr.  Joseph  L. 
Fritsch. 

On  ballot  being  taken  Mr.  W.  W.  Coney  was  elected  an  associate  member. 

The  reports  of  the  Secretary  and  Treasurer  for  the  year  1899  were  pre- 
sented, ordered  received  and  printed,  together  with  a  revised  list  of  mem- 
bers for  distribution. 

The  Secretary's  report  shows  that  there  was  at  least  one,  sometimes  two, 
papers  at  each  meeting;  that  the  average  attendance  was  eighteen  against 
fifteen  and  seven-tenths  for  the  previous  year;  that  the  membership  at  the 
end  of  the  year  was  ninety-seven,  a  reduction  of  six  from  the  previous  year, 
eleven  new  members  having  been  received,  one  member  deceased,  ten  mem- 
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bers  resigned  and  six  members  having  been  dropped  from  the  rolls  of  the 
Club  for  non-payment  of  dues. 

The  Treasurer's  report  shows  total  receipts  to  be  $744;  disbursements, 
$609.15;  balance  on  hand,  $295.95. 

Officers  for  the  year  1900  were  elected  as  follows : 

President — Thomas  B.  Punshon. 

\'ice-President — Wm.  C.  Jewett. 

Directors — A.  O.  Elzner,  L.  E.  Bogen  and  Alfred  Petry. 

Secretary  and  Treasurer — J.  F.  Wilson. 

Member  Board  of  Managers  Association  of  Engineering  Societies — Thos. 
B.  Punshon. 

Mr.   A.  O.   Elzner  read  a  very  interesting  paper  on   "The  Commercial 
Value  of  Art." 

J.  F.  Wilson,  Secretary. 


iiiTH  Regular  jMeeting.  Cincinnati,  O.,  January  18,  1900. 

Dinner  was  served  at  6.15  p.m. 

The  regular  meeting  was  called  to  order  at  7.15  p.m.;  with  President 
Punshon  in   the  chair,   and   thirty   members  and   several   visitors   present. 

Minutes  of  the  annual  meeting,  held  on  December  21,  1899,  were 
read  and  approved. 

On  ballot  being  taken  Mr.  Joseph  L.  Fritsch  was  elected  an  active 
member  of  the  Club. 

As  the  paper  for  the  evening,  by  Mr.  R.  L.  Read,  had  been  an- 
nounced for  8  o'clock,  and  as  some  of  those  who  had  been  invited  to  be 
present  w'ere  expected  to  be  on  hand  at  that  hour,  a  recess  was  taken. 

At  8  P.M.  the  meeting  w^as  again  called  to  order  and  Mr.  Read  pro- 
ceeded to  the  reading  of  his  paper,  on  "One  of  the  Various  Schemes 
Proposed  for  Improving  the  Ground  Occupied  by  the  Canal  in  Cin- 
cinnati." 

The  scheme  outlined  in  the  paper,  which  was  presented  for  the  pur- 
pose of  provoking  discussion  on  the  subject,  in  view  of  pending  legislation 
touching  it,  provided  for  abandoning  the  canal  from  about  Fourteenth 
street  to  its  terminus  at  Court  and  Broadway,  converting  that  part  into 
a  boulevard,  with  a  conduit  underneath  for  carrying  water  for  maintaining 
present  water  rights,  and  constructing  a  railroad  track  along  one  side 
of  the  canal  from  a  point  at  about  the  northern  limits  of  the  city  to 
Fourteenth  street,  for  the  purpose  of  reaching  the  various  industries  and 
improving  and  developing  the  property  in  that  territory  for  manufacturing 
and  other  business. 

Mr.  Wm.  A.  Gregg.  Canal  Collector,  and  Attorney  John  M.  Smedes, 

a  member  of  the   Business   Men's   Club,  who  were  present  by  invitation, 

both    spoke    against   any    abandonment    of   the    canal,    citing    figures    and 

statistics  showing  the  large  volume  of  business  carried  on  it  and  its  value 

as  a  transportation  line  and  as  a  factor  in  controlling  rates  by  rail. 

Mr.  M.  D.  Burke  reviewed  the  question  of  the  proposed  construction 

of  a  ship  canal  from  the  lakes  to  the  Ohio  River,  and  other  members  of  the 

Club  discussed  various  features  of  the  scheme  suggested  by  the  paper. 

Adiourned. 

J.  F.  Wilson,  Secretary. 


ASSOCIATION  OF  ENGINEERING  SOCIETIES. 
Civil  Knarineers'  C'liib  of  Cleveland. 


Report  of  January  Meeting.— Regular  meeting  called  to  order  at 
8.10  P.M.  by  President  J.  A.  Smith.  Present  twenty-five  members  and 
twenty-five  visitors. 

August  A.  Honsberg  and  William  O.  Henderer  appointed  tellers  to 
canvass  ballots  for  Harry  L.  Olmstead,  who  was  elected  an  active  member. 

Applications  for  active  membership  of  Frank  E.  Bissell,  Edward  M. 
St.  John  and  James  N.  Hatch  were  read  and  referred  to  letter  ballot. 

Messrs.  Wm.  H.  Searles,  F.  C.  Qsborn,  F.  S.  Barnum,  W.  R.  Warner, 
August  Mordecai,  James  Ritchie  and  Ambrose  Swasey  were  elected  as  a 
committee  to  nominate  officers  for  the  year  1900-1901. 

After  a  short  recess,  Arthur  C  Johnston,  member  of  the  Club,  read  the 
paper  of  the  evening,  entitled  "Dock  Equipment  for  the  Rapid  Handling  of 
Coal  and  Ore  on  the  Great  Lakes." 

Numerous  drawings  and  photographs  were  shown.  The  paper  was 
briefly  discussed  by  Messrs.  Jno.  N.  Coffin,  J.  R.  Oldham,  A.  C.  Johnston, 
Alexander  Hynd,  L.  B.  Hoit  and  C.  O.  Palmer. 

Adjourned  at  10  p.m. 

Arthur  A.  Skeels,  Secretary. 


Boston  Society  of  Civil  Engineers. 


Boston,  INIass.,  December  20,  1899. — A  regular  meeting  of  the  Boston 
Society  of  Civil  Engineers  was  held  in  Chipman  Hall,  Tremont  Temple, 
at  8  o'clock  P.M. ;  President  C.  Frank  Allen  in  the  chair.  Seventy-six  mem- 
bers and  visitors  present. 

The  record  of  the  last  meeting  was   read '  and   approved. 

Messrs.  Charles  F.  Janes,  James  A.  McKenna,  Henry  J.  Reynolds  and 
Irving  S.  Wood  were  elected  members  of  the   Society. 

On  motion  of  Mr.  Metcalf,  the  thanks  of  the  Society  were  voted  to  the 
Boston  Electric  Light  Company,  and  to  the  George  Lawley  &  Sons'  Cor- 
poration, for  courtesies  extended  this  afternoon  on  the  occasion  of  the  visit 
to  the  works  of  these  companies. 

The  Secretary  stated  that  it  had  pome  to  his  knowledge  that  the 
Canadian  Society  of  Civil  Engineers  would  probably  visit  Boston  during 
the  first  week  in  February  next,  and  he  suggested  that  it  might  be  desirable 
for  this  Society  to  take  some  action  looking  towards  the  entertainment 
of  the  members  of  that  Society  on  that  occasion. 

On  motion,  it  was  voted  that  the  Board  of  Government  be  given  full 
powers  to  make  whatever  arrangements  seemed  to  them  best  in  the  way  of 
extending  courtesies  to  the  members  of  the  Canadian  Society  of  Civil 
Engineers. 

Mr.  William  B.  Fuller  then  read  the  paper  of  the  evening,  entitled 
"Sand  Filter  Beds  and  Steel  Conduit  of  the  Albany,  N.  Y.,  City  Water 
Works,"  which  was  fully  illustrated  by  lantern  views. 

Mr.  John   H.   Gregory,   C.E.,  who  has  had  charge  of  the  filter  beds 
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since  their  construction,   was  tlien  introduced  and  gave  some  very  inter- 
esting statistics  with  regard  to  the  working  of  the  beds. 

After  passing  a  vote  of  thanks  to  Mr.  Gregory,  the  Society  adjourned. 

S.  E.  TiNKHAM,  Secretary. 


Boston,  Mass.,  January  12,  1900. — A  special  meeting  of  the  Boston 
Society  of  Civil  Engineers  was  held  in  Chipman  Hall,  Tremont  Temple, 
at  8  o'clock  P.M.;  Vice-President  T.  Howard  Barnes  in  the  chair.  Fifty- 
three  members  and  visitors  present. 

The  paper  of  the  evening  was  read  by  Mr.  A.  H.  French,  describing 
the  construction  of  the  Longwood  Avenue  Bridge,  between  Boston  and 
Brookline.     The  paper  was  profusely  illustrated  by  lantern  views. 

Adjourned. 

S.  E.  TiNKHAM,  Secretary. 


List   of   Members   of   the    Associated 
Societies* 


Abbreviations  for  designating  membersbip  : 

For  Honorary  Member Hon.  Mem. 

For   ^Iember Mem. 

For  Associate  Memhkr Assoc.  Mem. 

For  Junior  Member Jln.  AIem. 
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Adanis,  Edward  P.,  Mem.. 

Landscape  Architect  and  Civil  Engineer, 

53  State  street,  Room  1104.  Boston,  Mass. 
Adams.  Henry  S.,  Mem., 

Civil  Engineer,  53  State  street,  Room  542,  Boston,  Mass, 

Addicks,  Walter  R.,  Mem., 

Chief  Engineer,  Boston,  Bay  State.  Brookline  and  other  local  gas 
companies.     ,  24  West  street,  Boston,  Mass. 

Aike.v.  Charles  W.,  Mem.. 

Consulting  and  Contracting  Engineer,  79  Milk  street,  Boston.  Mass. 
All.\rd,  Thom.\s  T.,  Mem., 

Assistant  Engineer.  Metropolitan  Sewerage  Commission, 

Residence,   114  Lonsdale  street,  Ashmont.  Mass. 
Allen,  C.  Frank,  ^^lem.. 

Professor  of  Railroad  Engineering,  ^Xfass.  Inst,  of  Technology, 

Boston,  Mass. 
Allen,  Charles  A..  Mem., 

Consulting  Engineer,  44  Front   street,  Worcester,  Mass. 

Andrews,  David  H..  Mem., 

Proprietor  Boston  Bridge  Works.  70  Kilby  street,  Boston.  Mass. 
Appleton,  Ellerv  C,  Mem., 

Civil  Engineer,  Westboro,  Mass. 

Appleton,  Thomas,  Mem., 

Chief  Engineer,  Copper  Range  R.    R..  Houghton,   Mich. 

Armstrong.  Samuel  G.,  Mem.. 

Civil  Engineer,  Box  2139,  Johannesburg,  South  Africa. 

Aspinwall,  Thomas,  Mem., 

Aspinwall  &  Lincoln,  Civil  Engineers, 

120  Tremont  street.  Room  606,  Boston,  Mass. 
Atwood,  Joshua,  3d,  Mem.. 

Civil  Engineer,  158  Foster  street,  Brighton,  Boston,  Mass. 
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Badger,  Frank  S.,  Aleni., 

Asst.  Engineer,  Continental  Filter  Co., 

35  Wall  street,  Room  24,  New  York,  N.  Y. 
Bailey,  Ernest  W.,  Mem., 

City  Engineer,  City  Hall,  Somerville,  Mass. 

Bailey,  Frank  S.,  Mem., 

Assistant  in  Engineering  Department,  Massachusetts  State  Board 
of  Health,  140  State  House,  Boston,  Mass. 

Bailey,  William  M.,  Mem., 

Assistant  Engineer,  Concord  Sewers,  Concord,  Mass. 

Baker,  William  E.,  Mem., 

General  Superintendent,  Manhattan  Ry.  Co., 

10  Dey  street,  New  York,  N.  Y. 
Baldwin,  Loammi  F.,  Mem., 

Civil  Engineer,  31  Milk  street,  Boston,  Mass. 

Bancroft,  Lewis  M.,  Mem., 

Superintendent  of  Water  Works,  Reading,  Mass. 

Barbour,  Frank  A.,  Mem., 

Snow  &  Barbour,  Civil  and  Sanitary  Engineers, 

1120  Tremont  Bldg.,  Boston,  Mass. 
Barnes,  Rowland  H.,  Mem., 

Pierce  &  Barnes,  Civil  Engineers,  7  Water  street,  Boston,  Mass. 
Barnes,  T.  Howard,  Mem., 

City  Engineer,  City  Hall,  Medford,  Mass. 

Barnes,  William  T.,  Mem., 

Resident  Engineer,  B.  and  O.  S.  W.  Ry.,  Olney,  111, 

Barrows,  Harold  K,  Mem., 

With  Metropolitan  Water  Board,  193  Warren  ave.,  Boston,  Mass. 
Barrus,  George  H.,  Mem., 

Expert  and  Consulting  Steam  Engineer, 

95  Milk  street,  Boston,  Mass. 
Bartlett,  Arthur,  A^^em., 

Assistant    in    City    Engineer's    Office,    City    Hall,    Lowell,    Mass. 
Bartlett,  Charles  H.,  Mem., 

Bartlett  &  Gay,  Civil  and  Hyd.  Engineers,  852  Elm  street,  Man- 
chester, N.  H.     Also  Acting  Eng.,  Charles  River  Iron  Works, 

9  Concord  Square,  Boston,  Mass. 
Bartram,  George  C,  Mem., 

N.  E.  Eng.,  Edge  Moor  Bridge  Works, 

13  Exchange  street,  Boston,  Mass. 
Bateman,  Frederic  W.,  Mem., 

Parker  &  Bateman,  Civil  Engineers,  Clinton,  Mass. 

Bateman,  Luther  H.,  Mem., 

Assistant  to  Engineer,  Harbor  and  Land  Commissioners, 

131  State  House,  Boston,  Mass. 
Baxter,  Charles  F.,  Mem., 

Real  Estate  and  Landscape  Engineer, 

15  Court  Square,  Room  72,  Boston,  Mass. 
Bayley,  Frank  A.,  Mem., 

Civil  Engineer,  133  Austin  street,  Cambridgeport,  Mass. 
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Bement,  Robert  B.  C,  Mem., 

Civil  Engineer  and  President,  Board  of  Water  Commissioners, 

St.  Paul,  Minn. 
Bettox,  J.\mes  M.,  Mem., 

Henry  R.  Worthington  Hydraulic  Works,  Brooklyn,  N.  Y. 

BiDWELL,  L.wvsoN  B.,  Mem.. 

AssistaiU  Engineer,  Eastern  Dist.,  N.  Y.,  N.  H.  and  H.  R.  R., 

South  Union  Station,  Boston,  Mass. 
BiGELow,  James  F.,  Mem., 

City  Engineer,  City  Hall,  Marlboro,  Mass. 

Billings,  William  R.,  Mem., 

Treasurer,  Taunton  Loco.  Mfg.  Co.,  Taunton,  Mass. 

Bissell,  H.,  Mem., 

Chief  Engineer,  Boston  and  Maine  R.  R.,  Boston,  Mass. 

Blake,  Francis,  Mem., 

Auburndale,  Mass. 
Blake,  Percy  M.,  Mem., 

Civil  and  Hydraulic  Engineer,  Bowers  street,  Newtonville,  Mass. 
Blougett,  George  W.,  Mem., 

Electrical  Engineer,  B.  and  A.  R.  R.,  Boston,  Mass. 

Residence,  Auburndale,  Mass. 
Blood,  John  Balch,  Mem., 

Blood   &   Hale,    Consulting  and  Designing  Engineers,   Equitable 
Bldg.,  Boston,  Mass. 

Bolton,  Edward  D.,  Mem., 

Landscape  Architect  and  Engineer, 

224  W.  Seventy-ninth  street.  New  York,  N.  Y. 
Borden,  Philip  D.,  Mem., 

City  Engineer,  P.  O.  Box  248,  Fall  River,  Mass. 

BoTSFORD,  Harry  G.,  Mem., 

Assistant  Engineer,  Engineering  Department,  Boston. 

Residence,  79  McLellan  street,  Dorchester,  Mass. 
Bourne,  Fr.\nk  B.,  Mem., 

Assistant  Engineer  in  charge  of  Park  Department, 

City  Engineer's  Office,  Providence,  R.  L 
Bowditch,  Ernest  W.,  Mem., 

Landscape  Gardener  and  Engineer, 

60  Devonshire  street,  Boston,  Mass. 
Bowers,  George,  Mem., 

City  Engineer,  City  Hall,  Lowell,  Mass. 

Boyd,  James  T.,  Mera., 

Consulting  Engineer,  60  State  street,  Boston,  Mass. 

Brackett,  Dexter,  Mem.. 

Engineer,  Distribution  Department,  Metropolitan  Water  Board, 

3  Mt.  Vernon  street,  Boston,  Mass. 
Brackett,  Wallace  C.  Mem., 

Assistant  Engineer.  Boston  Elevated  Ry.  Co., 

loi  Milk  street.  Room  looi,  Boston,  Mass. 
Bradford,  Laurence,  Mem., 

Civil  Engineer,  Millbrook,  Mass. 
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Bradley,  Harry  C,  Mem., 

Instructor,  Mass.  Inst,  of  Technology,  Boston,  Mass. 

Bradley,  William  H.,  Mem., 

Civil  Engineer,  642  Exchange  Bldg.,  Boston,  Mass. 

Branch,  Ernest  W.,  Mem., 

Engineer,  Sewerage  Commissioners,  Adams  Bldg.,  Quincy,  Mass. 
Bray,  Charles  D.,  Mem., 

Professor  of  Civil  and  Mechanical  Engineering,  Tufts  College, 

College   Hill,   Alass. 
Breed,  Charles  B.,  Mem., 

Instructor  at  Mass.  Inst,  of  Technology. 

Residence,  12  George  street,  Lynn,  Mass. 
Brewer,  Bertram,  Mem., 

City  Engineer,  Waltham,  Mass. 

Brock,  Nathan  S.,  Mem., 

Civil  Engineer,  39  Parsons  street,  Brighton,  Mass. 

Brooks,  Frederick^  Mem., 

Civil  Engineer,  31  Milk  street,  Boston,  Mass. 

Brown,  William  M.,  Jr.,  Mem., 

Chief  Engineer  and  Supt.,  Metropolitan  Sewerage  Works, 

I  Mt.  Vernon  street,  Boston,  Mass. 
Bryant,  Henry  F.,  Mem., 

French  &  Bryant,  Civil  Engineers 

334  Washington  street,  Brookline,  Mass. 
Buck,  Waldo  E.,  Mem., 

President  and  Treasurer,  Worcester  Manfs.  Mut.  Ins.  Co., 

53  William  street,  Worcester,  Mass. 
Bullock,  William  D.,  Mem., 

Engineer  in  Charge  of  Bridges  and  Harbor, 

City  Hall,  Providence,  R.  I. 
Burke.  John  R.,  Mem., 

Asst.  to  Eng.,  Harbor  and  Land  Commissioners, 

131   State  House,  Boston,  Mass. 
Burley,  Harry  B.,  Mem.. 

Civil  Engineer  and  Inspector,  Associated  Factory  Mut.  Ins.  Cos., 

31  Milk  street.  Room  63,  Boston,  Mass. 
Burr,  Thomas  S.,  Mem., 

Civil  Engineer,  60  State  street,  Boston.    Residence,  Melrose,  Mass. 
Burton,  Alfred  E.,  Mem., 
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PROCEEDINGS. 


Kiijifinooi's'   Chi  I)   of   St.   X,<mis. 


502D  Meeting,  February  7,  1900. — Meeting  was  called  to  order  at  8.20 
P.M.;  President  Chaplin  presiding.  Twenty-three  members  and  nine  visitors 
were  present.  The  minutes  of  the  501st  meeting  were  read  and  approved. 
The  minutes  of  the  286th  meeting  of  the  Executive  Committee  were  read. 

The  application  of  Mr.  Charles  F.  Sturtevant  having  been  recommended 
by  the  Executive  Committee,  he  was  balloted  for  and  declared  elected.  Mr. 
James  Adkins,  Jr.,  was  proposed  for  membership. 

Communications  received  from  the  Secretary  of  the  Washington  Uni- 
versity Alumni  Association,  and  Congressmen  Bartholdt  and  Joy,  were  read. 
The  offer  of  Mr.  Robert  Moore  to  present  the  Club  with  a  framed  crayon 
portrait  of  his  father,  a  charter  member  and  former  President  of  the  Club, 
was  accepted  and  the  Secretary  requested  to  tender  thanks  in  behalf  of  the 
Club. 

It  was  moved  and  carried  to  spread  on  the  records  the  memoirs  and 
minutes  of  the  Polytechnic  Society,  the  forerunner  of  our  Engineers'  Club. 

The  paper  of  the  evening,  on  "Condensing  Apparatus,"  was  presented 
by  Mr.  W.  H.  Reeves,  manager  of  Henry  R.  Worthington,  St.  Louis.  The 
two  types  of  condensers,  surface  and  jet,  were  fully  described  and  illustrated 
by  slides.  The  advantages  of  each  type  and  its  application  to  given  conditions 
were  discussed.  Where  natural  water  supply  is  not  available  cooling  towers 
are  used,  through  which  water  is  circulated  and  cooled,  after  which  it  is 
returned  to  condenser.  The  cooling  surface  is  generally  made  of  tile,  but 
where  the  cooling  towers  are  placed  on  the  roof  it  is  essential  to  reduce  their 
weight,  in  which  case  successive  layers  of  hollow  tin  tubes  are  used,  18  inches 
long  and  about  3  inches  to  4  inches  in  diameter. 

It  was  claimed  that  by  the  use  of  compound  .engines,  running  condensing, 
a  resulting  steam  economy  of  30  per  cent,  to  40  per  cent,  was  effected  over 
single  cylinder  non-condensing  engines.  Dr.  Charles  E.  Emery's  figures 
showed  25  per  cent,  gained  in  running  a  compound  engine  condensing  over 
the  same  operating  non-condensing. 

By  the  use  of  a  self-cooling  condenser,  which  implies  a  "Cooling  Tower," 
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the  advantages  of  condensation  can  be  added  to  that  of  a  central  location 
for  a  power  plant,  where  a  natural  water  supply  is  not  available. 

The  discussion  was  actively  participated  in  by  Messrs.  Bryan,  Flad, 
Freeman,  Matlack,  Ludington  and  Bausch. 

Prof.  F.  E.  Nipher  gave  a  brief  account  of  the  latest  development  of  his 
wind  pressure  apparatus.  By  its  means,  simultaneous  measurements  may  be 
taken  of  the  velocity  of  the  wind  and  the  wind  pressure.  The  direction  of 
the  wind  may  also  be  accurately  determined  at  any  instant.  Interesting  dia- 
grams were  drawn  illustrating  the  variation  of  wind  pressures  due  to  the 
velocity  of  the  wind. 

Meeting  adjourned.  '  F.  E.  Bausch,  Sec7-etary. 


503D  Meeting,  February  21,  1900.- — The  meeting  was  called  to  order  at 
8.25  P.M. ;  Vice-President  E.  J.  Spencer  presiding.  The  minutes  of  the  502d 
meeting  were  read  and  approved.  The  minutes  of  the  287th  meeting  of  the 
Executive  Committee  were  read. 

The  application  of  Mr.  James  Adkins,  Jr.  having  been  recommended  by 
the  Executive  Committee,  he  was  balloted  for  and  declared  elected. 

The  subject  of  the  evening  was  presented  by  Mr.  Albert  Borden.  It  was 
a  "Discussion  of  Some  Unusual  Constructions  in  Structural  Engineering." 
Mr.  Borden  gave  a  number  of  demonstrations  on  the  blackboard,  of  how 
certain  problems  he  had  met  with  were  solved  in  a  manner  original  with  him. 
Among  these  problems  were  the  erection  of  a  wooden  tower,  showing  how 
simply  it  could  be  constructed,  provided  the  corner  blocks  were  made  in  a 
definite  manner,  and  all  side  bracings  were  laid  off  at  an  angle  of  forty-five 
degrees.  A  novel  manner  of  arranging  a  footing  for  iron  columns,  which 
were  inserted  into  an  old  building  whose  front  was  altered  was  also  de- 
scribed and  demonstrated.  A  problem  of  unique  character  was  presented  in 
the  shape  of  a  cylinder  30  feet  in  diameter  and  100  feet  long,  intended  to  be 
revolved  by  suitable  gearing  and  motive  power.  The  structural  bracing  was 
designed  in  quadrants  of  a  circle,  and  a  spiral  track  on  the  inside  served  to 
carry  cars  longitudinally  when  the  cylinder  was  revolved.  A  number  of  inter- 
esting problems  arose  in  calculating  the  stresses  of  the  members  in  this  iron 
construction.  The  discussion  of  the  various  problems  was  participated  in 
by  Messrs.  Ockerson,  Maltby,  Van  Ornum,  Hazzard  and  Boyd. 

Meeting  adjourned. 

F.  E.  Bausch,  Secretary. 


Technical   Society  of  the   Pacific   ('oast. 


Directors'  Meeting,  San  Francisco,  Cal.,  January  26,  1900. — Called 
to  order  by  Vice-President  Falkenau.  The  Secretary  read  the  names  of  the 
officers  and  directors  elected  at  the  annual  meeting,  as  follows : 

President — G.  W.  Percy. 

Vice-President — Louis  Falkenau. 

Secretary — Otto  von  Geldern. 
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Treasurer — E.  T.  Schild. 

Directors — Hermann  Rarth,  T.  W.  Brooks,  A.  E.  Chodzko,  E.  F.  Haas, 
S.  C.  Irving. 

The  following  committees  were  then  appointed  by  the  Chair : 

Messrs.  Chodzko  and  Brooks,  who,  together  with  the  President  and  Vice- 
President  of  the  Society,  form  the  Executive  Qouncil. 

Finance  Committee — Messrs.  Barth,  Haas,  Irving. 

Managers  of  the  Board  of  the  Association  of  Engineering  Societies — 
D.  C.  Henny  and  Otto  von  Geldern. 

The  time  for  the  meeting  of  the  Board  of  Directors  was  fixed  for  the 
third  Saturday  of  each  month  at  4  p.m. 

Adjourned.  Otto  vox  Geldern,  Secretary. 


Regul.\r  Meeting,  San  Francisco,  February  2,  1900. — Called  to  order 
at  8.30  P.M.  by  Vice-President  Falkenau. 

The  minutes  of  the  last  regular  meeting  and  of  the  annual  meeting  were 
read  and  approved. 

Application  for  membership  of  J.  H.  G.  Wolf,  junior  engineer,  U.  S. 
Engineer  Department,  proposed  by  Major  C.  E.  L.  B.  Davis,  Herbert  Vischer 
and  Otto  von  Geldern,  was  read  and  referred  to  the  Board  of  Directors. 

A  general  discussion  then  followed  on  the  subject  of  "Dry  Docks"  and 
on  "The  Flow  of  Artesian  Wells,"  in  which  the  members  present  participated. 

Adjourned. 

Otto  von  Geldern,  Secretary. 


Boston  Society  of  Civil  EngineeiN. 


Boston,  Mass.,  January  24,  1900. — A  regular  meeting  of  the  Boston  So- 
ciety of  Civil  Engineers  was  held  at  Chipman  Hall,  Tremont  Temple,  at  7.45 
o'clock  P.M.;  Vice-President  Alexis  H.  French  in  the  chair.  Seventy-eight 
members  and  visitors  present. 

The  records  of  the  last  regular  meeting  and  of  the  special  meeting  of 
January  12  were  read  and  approved. 

Mr.  Addison  D.  Nickerson  was  elected  a  member  of  the  Society. 

On  motion  of  Mr.  Metcalf,  the  thanks  of  the  Society  were  voted  to  the 
Boston  Elevated  Railway  Company  for  courtesies  extended  to  the  members 
of  the  Society  on  the  occasion  of  the  visit  to  elevated  railway  work  now 
under  construction  on  January  10,  1900. 

On  motion  of  Mr.  R.  S.  Hale,  the  Chairman  was  requested  to  appoint 
a  committee  to  report  to  the  meeting  the  names  of  five  members  to  serve  as 
a  committee  to  nominate  officers.  On  motion  of  Mr.  Barnes  it  was  voted 
to  make  this  preliminary  committee  consist  of  three  members.  The  Chair 
appointed  Messrs.  R.  S.  Hale,  H.  D.  Woods  and  George  Bowers  as  the 
committee.  Later  in  the  evening  this  committee  reported  as  a  Nominating 
Committee  Messrs.  George  F.  Swain,  Henry  S.  Adams,  Thomas  Aspinwall, 
Edgar  S.  Dorr  and  Francis  W.  Dean.  The  report  was  accepted,  and  the 
members  named  were  chosen  as  the  Nominating  Committee. 
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The  Secretary  read  a  memoir  of  Sumner  Hollingsworth,  a  member  of 
the  Society,  prepared  by  Messrs.  John  R.  Freeman  and  Charles  T.  Main ;  also, 
a  memoir  of  William  S.  Whitwell,  an  honorary  member,  and  one  of  the 
founders  of  the  Society,  prepared  by  Messrs.  Francis  Blake  and  Ernest  W. 
Bowditch. 

The  Chair  announced  that  a  special  meeting  of  the  Society  would  be  held 
on  February  i,  at  which  an  opportunity  would  be  given  to  meet  the  members 
of  the  Canadian  Society  of  Civil  Engineers. 

Prof.  Leonard  F.  Kinnicutt,  of  the  Worcester  Polytechnic  Institute,  was 
then  introduced,  and  read  an  exceedingly  interesting  and  valuable  paper  en- 
titled "Recent  Experiments  on  the  Bacterial  Treatment  of  Sewage,  with  an 
Account  of  the  Work  Done  at  Manchester  during  the  Past  Year." 

After  passing  a  vote  of  thanks  to  Professor  Kinnicutt,  the  Society  ad- 
journed. 

S.  E.  TiNKHAM,  Secretary. 


Boston,  Mass.,  February  i,  1900. — A  special  meeting  of  the  Boston  So- 
ciety of  Civil  Engineers  was  held  in  Chipman  Hall,  Tremont  Temple,  at  8.30 
o'clock  P.M. 

President  C.  Frank  Allen  called  the  meeting  to  order  and  extended  a. 
most  cordial  welcome  on  behalf  of  the  Society  to  the  members  of  the  Cana- 
dian Society  of  Civil  Engineers  who  were  present. 

Mr.  Frederic  P.  Stearns  then  gave  a  description  of  the  Metropolitan 
Water  System,  now  under  construction.  The  description  was  very  fully  illus- 
trated by  stereopticon  views. 

Prof.  Henry  T.  Bovey,  President  of  the  Canadian  Society  of  Civil  En- 
gineers, expressed  the  thanks  of  the  members  of  that  Society  for  the  atten- 
tion which  they  had  received  from  the  members  of  the  Boston  Society,  and 
their  appreciation  of  the  arrangements  which  had  been  made  for  their  enter- 
tainment during  their  visit  at  Boston.  Mr.  John  Kennedy,  a  Past-President 
of  the  Canadian  Society,  followed  and  seconded  most  heartily  the  kindly 
expressions  of  Professor  Bovey. 

The  meeting  then  adjourned  to  the  Society's  library  and  reading  room, 
where  an  opportunity  was  given  for  a  social  hour,  during  which  refreshments 
were  served  in  an  adjoining  room. 

The  attendance  of  members  and  guests  at  the  meeting  was  one  hundred 
and  thirty-five. 

Adjourned.  S.  E.  Tinkham,  Secretary. 


Civil  Eugiuoei'S'  Society  of    St.   Paul. 


St.  Paul,  Minn.,  February  5,  1900. — A  regular  meeting  of  the  Civil 
Engineers'  Society  of  St.  Paul  was  held  at  8.30  p.m. 

Present,  fourteen  members  and  four  visitors;  President  Powell  in  the 
chair. 

Minutes  of  previous  meeting  read  and  approved. 

Auditors'  report  read  and,  accepted. 
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Mr.  C.  F.  T.oweth  read  a  paper  on  "Moving  Horizontally  a  361-foot 
Railroad  Bridge  Span  with  Oak  Wedges." 

Mr.  A.  W.  Miinster  described  his  experience  in  raising  heavy  weights 
with  wedges.  To  cite  one  case:  a  steel  tower  130  feet  high  supporting  deck 
spans  and  resting  on  masonry  pedestals,  two  of  which  had  settled.  To 
plumb  the  tower  thin  steel  wedges,  forty-two  to  a  pedestal,  were  alternately 
driven  and  shimmed  by  eighths  of  an  inch,  thus  lifting  about  300  tons  an 
inch  and  a  half  without  damage  to  bridge,  masonry  or  wedges.  The  wedges 
were  18  inches  long,  y  j  inches  wide,  rising  }i  inch  in  12  inches  and  were 
forged  under  steam  hammer  from  locomotive  springs  taken  from  scrap  heap. 

C.  L.  Annan^  Secretary. 


Enarineers'    Club  of  (Cincinnati 


II2TH  Regular  Meeting,  Cincinnati,  Ohio,  February  15,  1900. 

Dinner  was  served  at  6.15  p.m. 

The  regular  meeting  was  called  to  order  at  7.15  p.m.;  with  President 
■Punshon  in  the  chair,  and  thirteen  members  present. 

Minutes  of  the  meeting  of  January  18  were  read  and  approved. 

Mr.  Wm.  C.  Green  read  the  paper  for  the  evening  on  "Steam  Heating 

at  and  below  the  Pressure  of  the  Atmospliere." 

On  motion,  adjourned. 

J.  F.  Wilson,  Secretary. 


Errata. 


In  the  list  of  members  of  the  Associated  Societies,  published  in  the 
JoiTRNAL  OF  THE  ASSOCIATION  for  January,  1900,  the  name  of  Prof.  Alexander 
Ziwet  was  wrongly  included  in  the  list  of  the  Boston  Society  of  Civil  En- 
gineers instead  of  that  of  the  Detroit  Engineering  Society. 

Numerous  errors  having  been  discovered  in  the  list  of  the  Engineers' 
Society  of  Western  New  York,  that  list  is  herewith  given  in  corrected  form. 


ENGINEERS'  SOCIETY  OF  WESTERN  NEW  YORK. 
Kngiiieers'  Society  of  Western  Now  York. 


Babcock,  C.  E.  p., 

Asst.  Engineer,  Department  of  Public  Works, 

13  City  Hall,  Buffalo.  N.  Y. 
Bardol,  F.  V.  E.. 

Chief  Engineer,  Department  Public  Works, 

13  City  Hall,  Buffalo,  N.  Y. 
Bassett,  Geo.  B., 

Manager  Buffalo  Meter  Co.. 

363  Washington  street,  Buffalo,  N.  Y. 
Brackenridge,  W.  a., 

Engineer  Cataract  Construction  Co.,  Niagara  Falls,  N.  Y. 

BUTTOLPH,  H.  T., 

Assistant  Chief  Engineer,  Department  Public  Works. 

13  City  Hall,  Buffalo,  N.  Y. 
Carlton,  Newcomb, 

Director  of  Works,  Pan-American  Exposition, 

Service  Bldg.,  Buffalo,  N.  Y. 
Cornell,  Douglas, 

Structural  Engineer,  Bureau  of  Buildings, 

Municipal  Bldg..  Buffalo,  N.  Y. 
DiEHL,  Geo.  C, 

County  Engineer,   Erie  County, 

836  Ellicott  Square,  Buffalo,   N.  Y. 
Ellsworth,  John  F., 

Cor.  Franklin  and  Eagle  streets,  Buffalo,  N.  Y. 
Fell,  Chas.  F., 

Assistant  Engineer,  Department  Public  Works, 

13  City  Hall,  Buffalo,  N.  Y. 
Fell,  Geo.  E., 

Doctor  of  Medicine,  97  Prospect  ave.,  Buffalo,  N.  Y. 

Fields,  S.  J., 

Chief  Engineer,  Pan-American  Exposition, 

Service  Bldg.,  Buffalo,  N.  Y. 
Fruauff,  Geo.  Ph., 

Levcler.  Department  Public  Works,       13  City  Hall,  Buffalo,  N.  Y. 
Gaskin,  E.  F., 

Superintendent  Union  Dry  Dock  Co., 

Ganson   street.    Buffalo.    N.   Y. 
Gorham,  Marvine, 

Buffalo  Bolt  and  Nut  Works.  250  Elmvvood  ave.,  Buffalo,  N.  Y. 
Guthrie,  E.  B., 

Chief  Engineer  Grade  Crossing  Commission, 

436  Ellicott  Square,  Buffalo,   N.  Y. 
Hammond,  Richard, 

President  Lake  Erie  Eng.  Works,  Buffalo,  N.  Y. 

Harrovver,  H.  C, 

Iron  and  Steel  Contractor,  35  Court  street,  Buffalo,  N.  Y. 

Haven,  W.  A., 

Inspecting   Engineer,   Erie   Railroad. 

E.  R.  R.  Depot.  Buffalo,  N.  Y. 
Hill,  Prof.  H.  M., 

City  Chemist,  University  of  Buffalo,  Buffalo.  N.  Y. 
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Hoffman,  A.  W., 

Assistant  Engineer,  Department  Public  Works, 

13  City  Hall,  Buffalo,  N.  Y. 
HoucK,  Wm.  C, 

Member  of  firm  Buffalo  Structural  Steel  Work, 

97  High  street,  Buffalo.  N.  Y. 
HuBBELL,  Geo.  S., 

Corps  of  Engrs.,  U.  S.  A.,  Adjuntas,  Porto  Rico,  U.  S. 

Johnson,  Wallace  C, 

Engineer,  Niagara  Falls  Hydraulic  Co.,  Niagara  Falls,  N.  Y. 

Knapp,  L.  H., 

Assistant  Superintendent  and  Engineer,  Bureau  of  Water, 

Municipal  Bldg.,  Buffalo,  N.  Y. 
Knighton,  John  A., 

Assistant  Engineer,  Grade  Crossing  Commission, 

436  Ellicott  Square,  Buffalo,  N.  Y. 

LUFKIN,   E.   C, 

Manager  Snow  Steam  Pump  Works, 

102  Anderson  PL,  Buffalo,  N.  Y. 
March,  Harry  J., 

Assistant  Engineer,  Department  Public  Works, 

13  City  Hall,  Buffalo,  N.  Y. 
Meyer,  Carl, 

Member  of  firm  Buffalo  Bridge  Works. 

P.  O.  Drawer  170,  Buffalo,  N.  Y. 
McCulloh,  Walter, 

Private  Practice,  Crick  Block,  Niagara  Falls,  N.  Y. 

Morse,  Chas.  M., 

Mechanical    Engineer. 

Erie  Co.  Savings  Bank  Bldg.,  Buffalo,  N.  Y. 
Powell,  S.  W., 

Mechanical  Engineer,  679  Auburn  ave.,  Buffalo,   N.  Y. 

Rathman,  L.  H., 

Leveler,  Department  Public  Works,  13  City  Hall,  Buffalo,  N.  Y. 
Rafter,  Geo.  W., 

Consulting  Engineer,  403  Bronson  ave.,   Rochester,  N.  Y. 

Ricker,  Geo.  A., 

Private  practice,  702  Ellicott  Square,  Buffalo,  N.  Y. 

Roberts,  Geo.  T., 

Assistant  Engineer,  Department  Public  Works, 

13  City  Hall,  Buffalo,  N.  Y. 
Rockwood,  a.  J., 

Division  Engineer,  New  York  State  Canals,  Rochester,  N.  Y. 

Smith,  T.  Guilford, 

Vice-President,  New  York  Car  Wheel  Works, 

9  German  Insurance  Bldg.,  Buffalo,  N.  Y. 
Sornberger,  E.  C, 

Snow  Steam  Pump  Works,  208  Lancaster  ave.,  Buffalo,  N.  Y. 

Speyf.r.  F.  N., 

Assistant  Engineer.  Grade  Crossing  Commission, 

436  Ellicott  Square,  Buffalo,   N.  Y. 
SvMONS,  Thos.  W.,  Hon.  Mem., 

Major  of  Engineers  U.  S.  A.,  Morgan  Bldg,  Buffalo,  N.  Y. 
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Teipek,  Casi'er, 

Member  of  firm   Buffalo   Slructural   Steel   Works,   Buffalo,   N.   Y. 
Tresise,  F.  J., 

Draftsman.  Department  Public  Works,  13  City  Hall,  Buffalo,  N.  Y. 
TUTTON,  C.  H., 

Engineer,  Grattan  &  Jennings,  foot  of  Main  street,  Buffalo,  N.  Y. 
Vandek  Hoek,  J., 

Division  Engineer,  Lehigh  Valley  Railroad, 

L.  V.  R.  R.  Depot,  Buffalo,  N.  Y. 
Whitford,  O.  F"., 

Private  practice,  79  Woodlawn  ave.,  Buffalo,  N.  Y. 
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Montana  Society  of  Enciiieers. 


The  13th  annua!  meeting  of  the  Montana  Society  of  Engineers  was  held 
in  the  city  of  Bozeman,  Mont.,  on  January  12  and  13,  1900.  On  Friday 
morning,  the  12th,  the  members  left  by  private  conveyance  for  the  visit  to  the 
coal  mines  and  washer  of  Johnston  &  McCarthy,  located  at  Chestnut,  about 
twelve  miles  from  Bozeman.  Arriving  about  noon,  the  members  sat  down 
to  a  most  bountiful  dinner  especially  prepared  for  them,  after  which  an 
inspection  of  the  property  was  made  under  the  guidance  of  the  foreman  in 
charge. 

The  party  next  proceeded  to  the  United  States  Government  Fish  Hatch- 
ery, located  in  Bridger  Canyon,  about  three  and  one-half  miles  from  Boze- 
man. Dr.  James  A.  Henshall,  in  charge,  greeted  the  party  upon  arrival,  and 
very  pleasantly  entertained  and  instructed  them,  giving  detailed  descriptions 
of  the  working  and  results  for  the  past  year. 

The  grounds  comprise  about  seventy  acres,  and  about  twenty-five  acres 
are  in  use  for  ponds  and  buildings.  The  hatchery  building,  which  is  50  by 
80  feet,  has  thirty-five  hatching  troughs,  300  hatching  trays,  with  a  capacity 
of  1,500,000  fish  eggs.  Last  season  750,000  fish  were  reared  and  afterwards 
distributed  in  the  streams  of  Montana,  Idaho,  Oregon  and  Washington. 

On  the  return  trip,  the  party  stopped  at  the  flouring  mills  of  Nelson 
Story  &  Co.  These  are  the  largest  and  best  equipped  of  any  in  the  State, 
having  a  capacity  of  storing  400,000  bushels  of  grain,  grinding  300  barrels  of 
flour  a  day,  and  storage  capacity  for  50,000  .sacks  of  flour.  After  the  inspec- 
tion of  the  mill  including  the  water  wheel,  which  furnishes  the  power,  the 
party  continued  homeward,  arriving  at  Bozeman  at  6  p.m. 

At  8  o'clock,  Friday  evening,  a  special  meeting  of  the  Society  was  held  in 
the  dining  room  of  the  Hotel  Bozeman,  for  the  purpose  of  hearing  read  the 
paper  on  the  "Reconstruction  of  the  Big  Hole  Dam"  by  Jos.  H.  Harper,  of 
Butte,  the  engineer  in  charge.  After  the  reading  and  discussion  of  the  paper 
the  meeting  resolved  itself  Into  a  smoker  and  social  session,  which  lasted  till 
about  midnight. 

At  9.30  A.M.,  on  Saturday,  the  street  car  left  the  hotel  and  conveyed  the 
members  to  theMontana  State  College  grounds.  The  campus  contains  over 
thirty  acres  and  is  situated  on  the  highest  ground  in  the  city,  giving  a  magnifi- 
cent view  of  the  whole  Gallatin  \*allev. 
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Adjoining  the  college  campus  is  the  experimental  farm  of  i6o  acres  of 
the  best  land  in  the  valley.  The  members  first  visited  the  main  building, 
containing  in  the  basement  the  domestic  science  rooms  and  several  class 
rooms.  On  the  first  floor  is  the  well-stocked  library  and  reading  room,  be- 
sides offices  and  class  rooms;  on  the  second  floor  the  business  department 
occupies  half  the  space,  with  a  fully  equipped  business  college,  while  the  other 
half  is  occupied  by  the  art  department.  This  department  was  awarded  a 
medal  for  its  exhibit  at  the  Omaha  Exposition.  On  the  third  floor  are  the 
assembly  room,  drafting  room  and  other  class  rooms. 

Next  the  chemical  and  physical  science  building  was  visited,  where  well- 
lighted  rooms  were  found,  with  finely  equipped  lecture  rooms  and  laboratories 
for  qualitive  and  quantitive  analysis,  mineralogy,  preparatory  and  advanced 
physics,  and  assaying,  besides  a  geological  museum  and  research  laboratory. 
The  equipment  of  these  laboratories  seemed  to  be  everything  that  could  be 
desired. 

The  next  place  of  interest  was  the  shop  building,  where  about  twenty-five 
students  were  busy  in  various  lines  of  wood  and  ironwork.  The  equipment 
in  the  way  of  wood  and  ironworking  machinery  covers  everything  in  the 
line  of  standard  shop  machinery.  The  forge  shop,  with  all  the  piping  under- 
ground, was  a  model  of  neatness,  and  though  ten  fires  were  in  use  the  air  was 
entirely  free  from  smoke  or  gas.  From  here  they  went  to  the  engineering 
laboratory,  which  probably  contains  the  finest  outfit  of  testing  machinery  to 
be  found  west  of  the  Mississippi  River,  covering  the  lines  of  steam  and 
electrical  engineering.  Two  machines  of  special  interest  were  a  pair  of 
multipolar  dynamos  which  could  furnish  either  direct  or  single-phase,  two- 
phase  or  three-phase  alternating  currents. 

The  machine  of  greatest  interest  to  the  members,  however,  was  a  Riehle 
standard  testing  machine  of  100,000  pounds  capacity,  having  automatic  and 
autographic*  attachments.  For  the  benefit  of  the  visitors  a  specimen  of 
wrought  iron  was  broken,  giving  them  a  chance  to  see  how  the  machine 
autographically  constructs  its  own  stress-strain  curve. 

Another  machine  of  interest  was  an  Olsen  Torsion  Tester  of  50,000 
inch-pounds  capacity,  which  was  also  in  operation  at  that  time.  The  last 
building  visited  was  the  experimental  station  containing  the  botanical  and 
zoological  laboratories,  whose  equipment  was  well  up  to  what  was  seen  else- 
where. In  the  basement  of  this  building,  in  the  ofiice  of  the  irrigation  engi- 
neer, the  visitors  had  a  chance  to  inspect  some  of  the  latest  and  finest  patterns 
of  water  measuring  instruments,  besides  various  patterns  of  standard  sur- 
veying instruments. 

The  annual  meeting  proper,  held  in  the  Odd  Fellows'  Hall,  Bozeman, 
Montana,  Saturday  afternoon,  January  13,  1900,  was  called  to  order  at  2.30 
P.M.,  by  President  Eugene  Carroll,  of  Butte,  Montana. 

Mr.  Robert  A.  McArthur,  of  Butte,  was  appointed  by  the  President  to 
act  as  Secretary  of  the  meeting. 

The  following  members  were  in  attendance  at  the  meeting : 

Samuel  Barker,  Jr.,  Francis  W.  Blackford,  Winfield  J.  Flood,  Joseph  H. 
Harper,  J.  S.  B.  Hollinshead,  Albert  Koberle,  Malcolm  L.  Macdonald,  Frank 
L.  Sizer,  Richard  R.  Vail,  Charles  D.  Vail,  Eugene  Carroll,  William  H. 
Harrison  and  Robert  A.  McArthur,  all  of  Butte ;  Ernest  W.  King,  of  Gilt 
Edge;  James  S.  Keerl,  of  Helena;  Benj.  D.  Whitten,  of  Great  Falls;  E.  C. 
Kinnev.  of  ^Manhattan  ;  William  H.  Williams  and  Edmund  B.   jNIcCormick, 


I'ROCI'I'DiXGS.  19 

of  Bozcnian.  Al-o  the  following  guests:  C.  \V.  Payne,  E.  II.  Burlingame, 
A.  E.  Hobart  and  J.  H.  Trerise,  of  Butte,  and  President  Jas.  Reid  and  Pro- 
fessor Fortier,  of  the  Agricultural  College,  Bozeman. 

The  minutes  of  the  last  meeting  were  read,  and,  on  motion,  adopted. 
The  next  order  of  business  was  the  reading  of  the  reports  of  the  Secretary 
and  Treasurer  for  the  past  year,  as  follows : 

Reimirt   of   Till-:    Skirkt.\ry.       t.^.,,.   ,,    .,    .^ 

January  13,  1900. 

To  the  President  and  Members  of  the  Montana  Society  of  Engineers: 

Gentlemen: — I  have  the  honor  to  submit  my  report  as  Secretary  of  the 

Montana  Society  of  Engineers  from  January  14,  1899,  to  January  13,  1900: 

Amount  in  treasury  on  January  14,  1899 $42.31 

Total  amount  deposited  with  F.  J.  Smith,  Treasurer,  from  January 

14,  1899,  to  January  13,  1900  (as  per  receipts  herewith  attached), 

Xos.  I  to  13,  inclusive 969.00 


Total   $1,011.31 

Total  amount  expended  during  the  year  from  January  14,  1899,  to 

January  13,  1900,  as  per  orders  Nos.  i  to  31,  inclusive 784.30 


Balance  in  treasury  on  January  13,  1900  $227.01 

Cash  on  hand  from  recent  collections  not  deposited  in  treasury. .  .         128.00 


Total  amount  of  cash  on  January  13,  1900 $355-Oi 

All  bills  against  the  Society  have  been  paid  and  the  Society  has  no  out- 
standing accounts  except  what  there  may  be  from  expenses  of  13th  annual 
meeting. 

MEMBERSHIP  OF  THE  SOCIETY. 

Jan.  14,  1899.  Jan.  13,  1900. 

Honorary  members 4  4 

Active  members 114  117 

Associate  members   20  21 

Total   138  142 

The  Society  has  lost  one  member  by  death  during  the  past  year.  Henry 
C.  Relf  was  drowned  in  the  Clarks  fork  of  the  Columbia  River  on  June  9, 
1899. 

Two  years  ago  the  Society  established  the  precedent  of  publishing  the 
proceedings  of  the  annual  meetings.  These  are  reprints  from  the  Journal 
OF  THE  Association  of  Engineering  Societies.  250  copies  were  published 
of  the  I2th  annual  meeting,  including  the  list  of  members.  The  list  of  mem- 
bers was  practically  new  matter  and  added,  as  near  as  I  can  estimate  from 
bill  for  said  publication,  $16.00  to  same.  The  Society  now  receives  about 
25  exchanges,  and  the  proceeding  of  our  annual  meetings  is  about  all  we  have 
to  offer  in  return.  This  year  the  January  number  of  the  Journal  will  con- 
tain list  of  members  in  full,  including  professions  or  occupations  of  members, 
and  reprints  can  be  had  at  reasonable  rates.  These  could  be  ordered  several 
months  later  than  the  issue  of  the  Journal  and  the  reprints  could  be  revised 
to  date,  including  the  new  additions  to  the  Society  as  well  as  changes  in  ad- 
dress of  present  members.  The  changes  in  the  membership  of  our  Society 
is  so  great  that  the  list  of  membership  should  be  published  frequently. 

Very    respectfully, 

A.  S.  HovEY,  Secretary. 
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The  report  was  adopted  as  read,  and,  on  motion,  was  referred  to  the 
Board  of  Trustees  for  auditing. 

Treasurer's  Report  M.  S.  E. 

By  amount  received  from  J.  S.  Keerl,  ex-Treasurer $42.31 

"  "  "      A.  S.  Hovey,  Sec'y  (receipt  Nos.  i  to  13) .      969.00 

To  expenditures    (order   Nos.    i   to  31)    as  per  vouchers 

herewith  transmitted  $784.30 

By  balance  in  treasury  227.01 

Totals $1,011.31  $1,011.31 

Respectfully  submitted, 

Forrest  J.  Smith,  Treasurer. 

This  report  was  adopted  as  read,  and  referred  to  Board  of  Trustees  for 
auditing. 

Messrs.  Koberle  and  Hollinshead  were  appointed  by  the  Chair,  as  tellers, 
to  canvass  the  ballots  on  election  to  membership,  and  also  election  of  officers 
for  the  ensuing  year. 

The  report  of  Mr.  James  S.  Keerl,  member  of  the  Board  of  Managers  of 
the  Association  of  Engineering  Societies,  was  then  read,  and,  on  motion, 
adopted. 

Applications  for  membership  in  the  Society  were  read  from  the  follow- 
ing gentlemen :  Geo.  W.  Wilson,  David  W.  Hardenbrook,  Azelle  E.  Hobart, 
Benj.  R.  Putnam,  Jerry  Rourke,  John  B.  Leggat,  Josiah  H.  Trerise,  William 
E.  Sanders,  Geo.  W.  Tower,  Jr.,  Eugene  C.  Sickles  and  Walter  W.  Wishon. 
The  Secretary  was  instructed  to  send  out  the  usual  letter  ballots  to  the  mem- 
bers, the  same  to  be  canvassed  at  the  next  regular  meeting. 

The  tellers  appointed  to  canvass  the  ballots  on  membership  reported  as 
follows :  That  Edmund  B.  McCormick,  of  Bozeman,  had  received  thirty- 
two  votes,  all  in  the  affirmative,  upon  which  the  Chair  declared  him  to  be 
duly  elected  to  membership. 

On  the  balloting  for  officers,  the  tellers  reported  as  follows: 

For  President — Francis  W.  Blackford,  of  Butte,  thirty  votes. 

For  First  Vice-President — Albert  S.  Hovey,  of  Helena,  thirty  votes. 

For  Second  Vice-President — William  H.  Williams,  of  Bozeman,  thirty 
votes. 

For  Secretary  and  Librarian — Robert  A.  McArthur,  of  Butte,  thirty  votes. 

For  Treasurer  and  member  of  the  Board  of  Managers  of  the  Association 
of  Engineering  Societies — Joseph  H.  Harper,  of  Butte,  30  votes ;  James  S. 
Keerl,  of  Helena,  one  vote. 

For  Trustee  (for  three  years) — Geo.  E.  Moulthrop,  of  Butte,  thirty 
votes. 

On  motion,  Mr.  Harper's  election  was  made  unanimous,  and  the  Chair 
declared  the  other  gentlemen,  having  received  all  the  votes  cast,  to  be  the 
duly  elected  officers  for  the  ensuing  year. 

Mr.  Harper  and  Mr.  Sizer  were  appointed  a  committee  to  escort  Presi- 
dent Blackford  to  the  chair. 

Upon  assuming  the  chair,  President  Blackford  spoke  as  follows: 

"I  thank  you  sincerely  for  the  honor  you  have  conferred  upon  me  by 
the  office  of  President  for  the  ensuing  year.  The  respect  and  good  will  of 
my  professional  brethren  has  always  been  held  in  high  esteem,  and  the  honor 
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conferred  is  appreciated  accordingly.  There  is  no  mandatory  jjrovision 
relative  to  an  address  by  the  incoming  President  as  there  is  of  the  one  retir- 
ing.    Still,  I  desire  to  say  a  few  words  upon  the  subject  of  society  work. 

"Our  Constitution  says:  'Section  2.  Its  object  shall  be  the  advancement 
of  engineering,  and  the  interests  of  the  profession. 

"  'Section  3.  Among  the  means  to  be  employed  shall  be  periodaal 
meetings  for  the  reading  and  discussion  of  scientific  papers  and  matters  of 
scientific  and  practical  interest,  and  the  cultivation  of  professional  and  social 
intercourse  among  the  members ;  the  collection  of  a  library,  and  the  publica- 
tion of  such  parts  of  the  transactions  as  may  be  deemed  expedient.' 

"These  results  can  be  accomplished  only  by  a  proper  understanding  of 
our  profession  and  by  earnest  and  intelligent  work  by  its  members.  Skilled 
workmen  and  engineers  date  from  the  earliest  civilization,  and  they  have  been 
the  pioneers  of  progress  and  enterprise  from  the  earliest  times,  but  not  till 
recently,  even  within  the  present  century  now  drawing  to  a  close,  has  engi- 
neering been  recognized  as  one  of  the  learned  professions,  and  any  one  at 
all  in  touch  with  the  times  realizes  that  its  recognition  is  becoming  more  and 
more  general,  and  its  influence,  because  of  the  great  things  accomplished,  is 
becoming  greater. 

"The  tendency  of  the  present  time  is  to  educate  by  an  engineering  course, 
even  though  the  recipient  of  such  education  expects  to  engage  in  business 
pursuits.  I  am  informed  that  the  graduates  of  the  college  engineering 
courses  in  America  number  quite  as  many  as  the  graduates  in  medicine. 

"The  Institution  of  Civil  Engineers  defines  engineering  as  'The  art  of 
directing  the  great  sources  of  power  in  nature  for  the  use  and  convenience  of 
man.'  What  more  laudable  purpose  could  anj'  occupation  have ;  there  is  in 
theory  no  destruction,  no  success  depending  upon  some  other  man's  failure, 
no  tearing  down,  but  all  building  up  with  nature  and  materials,  resulting  in 
the  reduction  of  exhausting  toil  and  general  good  to  mankind.  Engineering 
is  in  an  eminent  degree  a  productive  employment,  and  one  in  which  we 
should  all  feel  a  pride,  a  pride  for  its  motives  and  a  pride  for  its  accomplish- 
ments. 

"An  engineer,  in  the  sense  of  the  term  as  understood  by  engineers 
themselves,  is  not  only  a  skilled  workman,  but  a  designer  as  well ;  he  should 
understand  the  theory  back  of  his  employment,  and  the  engineer  of  to-day 
must  be  an  educated  man,  for  in  no  profession  is  education  more  necessary, 
and  unless  he  possesses  a  broad  and  comprehensive  general  and  theoretical 
knowledge  he  will  be  classed  as  a  workman  rather  than  as  a  professional 
man.  While  he  cannot  be  a  specialist  in  many  branches,  he  should  have 
sufficient  knowledge  to  understand,  in  a  general  way,  all  special  branches. 

"It  is  generally  believed  that  there  is  no  more  practical  way  of  adding  to 
our  store  of  knowledge,  both  theoretical  and  practical,  than  by  the  preparation 
and  discussion  of  professional  papers.  We  have,  as  examples,  all  the  engi- 
neering work  which  has  been  done  before,  and  that  which  is  now  doing,  and 
the  research  which  is  necessary  in  the  preparation  of  papers,  and  the  discus; 
sion  elicited  thereby  will  certainly  increase  the  knowledge  of  all  concerned. 

"Discussions  which  are  brought  out  by  a  paper  are  often  more  valuable 
than  the  paper  itself,  as  they  stimulate  the  interchange  of  opinions  and  ex- 
periences, and  result  in  a  general  benefit.  Our  Society  is  growing  in  num- 
bers and  has  upon  its  membership  roll  men  prominent  in  several  branches  of 
engineering  and   scientific  pursuits,  and   we  trust  its  influence  is  widening, 
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and  that  it  may  result  in  much  good  to  the  Society  and  its  individual  mem- 
bers. The  good  it  may  do,  however,  depends  on  the  energy  and  intelligent 
interest  displayed  by  its  members,  and  such  interest  can  best  be  shown  by 
papers  and  discussions  upon  interesting  subjects.  There  are  now  about  one 
hundred  and  twenty  members,  other  than  the  honorary  and  associate  mem- 
bers, so  that  we  could  have  a  paper  every  meeting,  if  each  member  wrote  one 
every  ten  years,  which  should  be  time  enough,  and  with  reasonable  diligence 
each  meeting  should  be  enlivened  by  a  paper  and  discussions.  I  would 
earnestly  recommend  that  members  make  efforts  in  this  direction. 

"The  Society  has  now  moved  its  headquarters  to  Butte,  which  is  the 
residence  of  most  of  its  officers  and  about  forty  members,  quite  enough  to 
insure  a  good  attendance  at  monthly  meetings.  A  suitable  room  for  our 
Ifbrary  and  meeting  place  should  be  provided  by  the  trustees  without  delay, 
and  it  should  be  properly  furnished,  so  that  members  of  the  Society  could 
use  it  at  all  times  in  the  day  or  evening. 

"I  would  suggest  that  the  room  be  supplied  with  some  of  the  leading 
engineering  papers  and  magazines,  and  with  Society  stationery,  and  that  the 
furniture  be  comfortable  and  the  surroundings  pleasant.  Those  who  feel  so 
disposed  could  spend  their  spare  time  there  both  pleasantly  and  profitably 
and  such  a  place  would  promote  that  social  intercourse  among  members 
which  is  so  desirable  in  society  work." 

Mr.  W.  Williams,  Second  Vice-President,  was  then  called  upon  for  a 
speech,  and  responded  as  follows : 

"I  thank  you  for  the  honor  of  electing  me  to  this  position.  I  feel  heartily 
in  sympathy  with  the  words  of  the  President,  and  I  shall  do  all  I  can  to 
increase  the  usefulness  of  this  Society." 

Mr.  Robert  A.  McArthur,  Secretary,  was  asked  to  make  a  few  remarks, 
and  answered  as  follows  : 

"Mr.  President  and  fellow-members  of  the  Montana  Society  of  Engi- 
neers, the  incoming  Secretary  is  not  supposed  to  make  very  much  of  a 
speech.  He  merely  says  thank  you,  and  sits  down.  I  thank  you  for  the 
honor  you  have  done  me,  and  ask  your  forbearance,  and  I  shall  fulfill  the 
duties  of  my  office  for  the  coming  year  to  the  best  of  my  ability." 

The  President  introduced  Mr.  Harper,  Treasurer-elect,  who  thanked  the 
Society  for  the  honor  of  his  election. 

The  President  introduced  Mr.  E.  B.  3iIcCormick,  member-elect,  who 
said :  "I  thank  you  all  for  the  honor  of  my  election,  and  I  think  I  will 
take  the  full  length  of  that  ten  years  to  make  a  speech." 

There  being  no  unfinished  business,  the  Society  proceeded  to  the  order 
of  new  business. 

Mr.  Hollinshead. — I  think  it  would  be  in  order  to  pass  a  vote  of  thanks 
to  Mr.  Henshall  at  the  Fish  Hatchery,  and  to  Messrs.  Johnson  &  McCarty, 
at  the  Chestnut  ]\Iines,  and  the  officers  connected  with  the  company,  to  the 
officers  connected  with  the  college  and  its  professors,  for  what  they  have 
done  to  make  this  sucli  a  successful  meeting,  and  that  the  Secretary  be  in- 
structed to  send  our  thanks  in  writing. 

Mr.  Willi.^ms. — I  would  add  the  name  of  the  Bozeman  Street  Railway, 
Kelson  Story  Milling  Company,  and  (by  Mr.  Carroll)  the  members  of  the 
Committee  on  Arrangements,  and  also  Mr.  Mueller. 

Mr.  C.kkroll.— Two  of  the  officers  of  the  Society  are  entitled  to  the 
thanks  of  the  Societv  at  this  time.     I  refer  to  ex-Secretary,  Mr.  A.  S.  Hovey, 
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who  has  been  Secretary  for  three  years.  He  has  given  us  a  great  deal  of 
liis  time,  and  has  kept  the  affairs  of  the  Society  in  good  condition  during  his 
term  of  office,  and  he  is  particularly  deserving  of  mention.  The  other  officer 
I  refer  to  is  Mr.  J.  S.  Keerl,  to  whom  the  success  of  the  Journal  of  the  As- 
soci.VTiON  is  very  greatly  due.  His  office  is  one  that  we  do  not  see  the  bene- 
fits of  so  readily  as  we  do  those  derived  from  the  office  of  Secretary.  I 
therefore  move  that  the  vote  of  thanks  be  extended  to  ^Ir.  Keerl  and  Mr. 
Hovey  in  addition  to  the  rest. 

Upon  being  seconded  by  several  members,  the  President  put  the  motion 
to  the  house  and  it  w^as  carried  unanimousl}\ 

The  Society  then  proceeded  to  the  program  arranged  for  the  afternoon, 
the  Chairman  deciding  that  the  paper  of  the  retiring  President  should  have 
precedence,  whereupon  Mr.  Eugene  Carroll,  of  Butte,  delivered  his  retiring 
address,  the  same  being  a  summary  of  engineering  progress  in  Montana  dur- 
ing the  past  year. 

Mr.  Sizer. — Mr.  President.  I  move  for  a  vote  of  thanks  of  this  Society 
to  Mr.  Carroll  for  this  unusually  able  and  interesting  paper,  and  later,  after 
the  reading  of  the  other  paper,  I  will  move  for  the  publication  of  both  papers. 
Motion  carried. 

Next  came  the  paper,  entitled  "The  Flow  of  Water  in  Ditches  and 
Canals,"  by  Professor  Fortier,  of  the  Montana  College  of  Agriculture  and 
Mechanic  Arts.  A  vote  of  thanks  was  tendered  Professor  Fortier  for  his 
able  paper,  and  the  Society  proceeded  to  the  next  order  of  business. 

Mr.  Sizer. — As  a  member  of  the  Committee  on  Arrangements,  I  desire 
that  a  tax  of  $3.50  be  levied  upon  those  members  in  attendance,  to  cover  the 
cost  of  the  banquet  and  some  incidental  expenses. 

A  motion  was  made  to  that  effect  and  duly  carried. 

Mr.  Carroll. — There  are  many  things  requiring  change  in  the  Constitu- 
tion. In  the  change  of  headquarters  to  Butte,  the  word  "Helena"  is  to  be 
changed,  and  a  general  revision  of  the  Constitution  ought  to  be  made.  I 
suggest  that  we  make  a  motion  that  a  Committee  be  appointed,  with  the 
President  and  Secretary  as  members,  to  take  up  the  matter,  or  possibly  they 
alone  might  do  so  and  report  to  the  Society  what  changes  ought  to  be  made 
before  the  new  Constitutions  are  printed.  Mr.  Hovey  and  myself  decided 
that  it  would  be  best  to  leave  it  to  the  new  officers.  There  are  no  copies  of 
the  Constitution  left.  I  would  state  that  many  of  the  Societies,  in  publishing 
their  Constitutions,  include  it  with  their  annual  proceedings.  The  question 
is,  however,  whether  the  Society  would  want  more  copies  of  the  Constitu- 
tion than  of  the  proceedings. 

The  President. — It  would  take  some  time  to  revise  the  Constitution, 
and  I  would  advise  publishing  it  in  the  old  form. 

After  some  discussion,  it  was  finally  decided  that  the  matter  should  be 
left  to  the  President  and  Secretary  to  report  any  desirable  changes  to  the 
next  meeting. 

Mr.  Carroll. — I  move  that  the  Secretary  be  instructed  to  extend  our 
thanks  to  the  Great  Northern  Railroad  Company,  Northern  Pacific  Railroad 
Company,  Butte,  Anaconda  and  Pacific  Railroad  Company  and  the  Oregon 
Short  Line  for  the  courtesies  extended  to  the  Society  in  the  reduction  of  the 
regular  rates  for  the  annual  meetings.     Motion  carried. 

Upon  motion  by  Mr.  King,  seconded  by  Mr.  Keerl,  the  Societ}^  adjourned 
for  the  session,  to  meet  at  8  o'clock  in  the  Hotel  Bozeman,  to  partake  of  the 
annual  banquet. 
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The  banquet  commenced  at  9  p.m.,  with  about  sixty-five  members  and 
guests  present,  the  latter  including  about  twenty-five  ladies. 

Music  was  furnished  by  the  Bozeman  orchestra,  and  several  of  the  ladies 
and  gentlemen  present  favored  the  company  with  vocal  selections.  The 
following  toasts  were  given,  Mr.  Eugene  Carroll  acting  as  toastmaster : 

"Our  Convention  City,"  Dr.  Jas.  Reid,  President  of  Agricultural  College. 

"The  Pioneers  of  Travel,  the  Railway  Location  Engineers,"  by  Francis 
W.  Blackford. 

"The  Forerunner  of  Wealth ;  the  Prospector,"  by  Jos.  H.  Harper. 

"The  Life  Blood  of  a  City — Its  Water  Supply,"  by  Chas.  D.  Vail. 

"The  Out  of  Sight  Man — The  Mining  Engineer,"  by  Albert  Koberle. 

"Dams  and  Damsels,"  by  James  S.  Keerl. 

"Why  I  Did  Not  Become  an  Engineer,"  by  Gen.  L.  S.  Willson. 


Regular  Meeting,  Butte,  Montana,  March  id,  1900. — The  meeting 
was  called  to  order  by  President  F.  W.  Blackford,  with  the  following  mem- 
bers present:  Patterson,  Flood,  Putnam,  Harper,  Barker,  Dunshee,  Carroll, 
R.  R.  Vail,  Koberle,  Zaschke,  Page  and  McArthur.  The  minutes  of  the 
previous  meeting  were  read  and  approved.  Messrs.  Flood  and  Barker  were 
appointed  tellers  to  canvass  ballots  on  membership,  and  after  a  recess  of 
five  minutes  reported  that  Mr.  Horace  V.  Winchell  had  received  all  the 
votes  cast  and  he  was  declared  duly  elected  to  membership. 

A  communication  from  Mr.  Davies  was  read  regarding  the  bill  now 
before  the  Senate  and  House  of  Representatives,  having  to  do  with  the 
mail  rate  on  library  books,  and  after  discussion  the  Society  indorsed  the 
bill  and  the  Secretary  was  instructed  to  write  our  Senators  and  Repre- 
sentative in  behalf  of  the  bill. 

The  following  resolution  introduced  by  Mr.  Carroll,  after  discussion 
was  unanimously  adopted: 

Resolved,  That  the  President  and  Secretary  are  hereby  instructed  that 
eacn  month  they  shall  pick  out  the  names  of  three  members  from  a  box 
containing  a  list  of  the  members  of  the  Society,  thereupon  the  Secretary 
shall  notify  the  said  three  members  thus  selected  that  ihey  are  called  upon 
to  furnish  a  paper  or  lead  in  a  discussion  at  the  next  meeting  of  the 
Society,  the  said  members  to  select  their  own  subject  and  to  notify  the 
Secretary  that  he  may  announce  it  in  the  next  notice  of  meeting  sent  out 
by  him  to  the  members  of  the  Society. 

An  informal  discussion  on  :niokestacks  now  took  place,  and  some 
of  the  members  promised  to  bring  data  regarding  the  new  self-supporting 
steel  stacks  recently  erected  in  Butte  and  vicinity,  whereupon  President 
Blackford  announced  that  the  next  meeting  of  the  So  'ety  will  be  devoted 
to  a  discussion  of  chimneys  and  smokestacks,  and  requested  all  the  mem- 
bers to  bring  information  on  the  subject.     Adjourned. 

Robert  A.  McArthur,  Secretary. 
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Civil  ICiiyriiieors'  Club  of  Clev<'laiul. 


The  annual  meeting.  IMarch  13,  attended  by  twenty-seven  members  and 
six  visitors:   Mr.   \Vm.   H.  Searles,  Chairman  pro  tern. 

Sixteen  new  members  elected  and  six  more  proposed. 

Mr.  Aug.  Mordecai  reported  that  a  reception  by  the  Club  would  be  held 
on  the  evening  of  March  29,  at  The  Stillman.  It  was  moved  and  carried 
that  all  memibers  of  the  Associated  Technical  Clubs  be  invited  on  equal 
terms  with  members  of  the  Civil  Engineers'  Club. 

Reports  of  the  Secretary,  Treasurer  and  Programme  Committee  pre- 
sented. The  address  of  the  retiring  President,  Col.  Jarcd  A.  Smith,  was 
read  by  the  Secretary. 

The  following  officers  of  the  Club  were  elected: 

President — Charles  W.  Hopkinson. 

Vice-President — Charles    H.    Benjamin. 

Secretary — Arthur  A.   Skeels. 

Treasurer — John   N.    Coffin. 

Librarian — Wm.   E.  Reed. 

Directors — Edward  A.  Handy  and  Marius   E.   Rawson. 

Secretary's  Financial  Report  for  Year  Ending  ]\Iarch   i,  1900. 

receipts. 

Dues   $1,564.50 

Entrance    fees 70.00 

Library  subscriptions 165.00 

Publications   i33-70 

Interest    33.25 

$1,966.45 

EXPENDITURES. 

Publications   $207.20 

Printing  131-85 

Social  account 159.83 

Stenographer   15.00 

Postage  and  express 25.00 

Room   rent 636.00 

Flowers   40.00 

Members'    certiticates 5.50 

Library  supplies 39-73 

Books  96.38 

Furnishings    493-37 

Case   Library    memberships 140.00 

Salaries    150.00 

$2,139.96 
balances  on  hand. 

Permanent    Fund $915-55 

General    Fund 31 1-84 

Library    Fund 173-74 

$1,401.13 
Arthur  A.  Skeels,  Secretary. 
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Treasurer's  Report. 

receipts. 
Balances  from  former  Treasurer: 

Permanent    Fund $812.30 

General    Fund 657.22 

Library    Fund 105. 12 

$1,574.64 

Received  from  Secretary  on  account  of  Permanent  Fund  $70.00 

"  General  Fund...   1,698.20 

"  "      bank,  interest 33-25 

"  "      Librarian    165.00 

1.966.45 

$3.54i-09 

DISBURSEMENTS. 

Secretary's  vouchers  on  account  of  General   Fund $2,043.58 

"  "  "  "  "    Library       "      96.38 

2,139.96 

BALANCES    ON     HAND. 

Permanent    Fund $915-55 

General    Fund 311-84 

Library    Fund 173-74 

1,401.13 

$3,541-09 
John  N.  Coffin,  Treasurer. 


The  semi-monthly  meeting,  March  27,  attended  by  nineteen  members 
and  ten  visitors;   President  C.  W.  Hopkinson  in  the  chair. 

No  business  transacted. 

Mr.  E.  P.  Roberts  read  a  paper  entitled  '"Some  Problems  in  Electric 
Railway  Design."  Discussion  taken  part  in  by  Messrs.  Roberts,  Wason, 
Palmer,  Porter  and  Kingsley. 

Annual  reception  and  twentieth  anniversary  held  at  The  Stillman, 
March  29.  Present,  about  one  hundred  and  fifty  members  and  guests. 
Past-President  Jared  A.  Smith  and  President  Chas.  W.  Hopkinson,  with 
their  ladies,  received  from  8.30  to  lo.oo.  Lunch,  10.00  to  10.45.  Speeches 
were  then  made  by  Col.  Jared  A.  Smith,  toastmaster,  and  Messrs.  F.  C. 
Osborn,  Wm.  Garrett,  J.  N.  Cof!in,  C.  W.  Wason,  A.  A.  Skeels,  C.  S.  Howe 
and  C.  W.  Hopkinson.     Dancing  and  cards,  12.00  to  2.00. 

Arthur  A.  Skeels,  Secretary. 


Eng-iiieors'  Club  of  St.  Liouis. 


504TH  Meeting,  March  7,  1900.— Meeting  was  called  to  order  at  8.15 
P.M.;  Vice-President  E.  J.  Spencer  presiding.  Sixteen  members  and  nine 
visitors  were  present.  The  minutes  of  the  503d  meeting  were  read  and  ap- 
proved. The  minutes  of  the  288th  meeting  of  the  Executive  Committee 
were  read. 

The  paper  of  the  evening  w.as  on  "Experiences  in  the  Operation  and  Re- 
pair of  the  Mississippi  River  Hydraulic  Dredges,"  by  F.  B.  Maltby. 
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From  July,  1898,  to  Maj-,  1899,  Mr.  Maltby  was  in  charge  of  dredging 
operations  under  the  Mississippi  River  Commission,  as  superintendent  of 
dredging.  During  this  season  the  fleet  consisted  of  five  dredges,  nine  steam- 
boats, five  pile  drivers,  and  the  necessary  barges,  fuel  boats,  etc.  The  river 
below  Cairo  was  divided  into  three  districts,  the  first  two  having  a  length  of 
about  100  miles,  and  the  third  extending  below  the  second  district  down 
stream  as  far  as  dredging  was  necessary. 

An  interesting  description  was  given  of  the  operations  necessary  to  open 
up  a  channel.  One  of  the  dredge  boats  in  dredging  a  channel  removed  fifty- 
four  logs  varying  from  8  to  50  inches  in  diameter,  aggregating  a  length  of 
over  1500  feet.  In  consequence  of  severe  usage,  accidents  are  of  frequent 
occurrence. 

An  account  was  given  of  field  tests  made  with  the  dredges  for  comparison 
with  trial  tests,  made  before  acceptance  of  the  boats  from  their  builders.  It 
was  feared  that  test  conditions  were  not  of  the  same  character  as  working 
conditions,  the  former  being  made  by  measuring  the  discharge  deflected  for  a 
brief  interval  of  time,  less  than  a  minute,  into  a  measuring  barge.  The  tests 
made  proved  very  satisfactory.  Figures  were  given  of  cost  of  operating  the 
dredges.  A  number  of  diagrams  and  sketches  were  shown  indicating  the 
amount  of  wear  on  the  main  sand  pumps,  reference  being  made  to  one  case 
where  in  the  lower  half  of  the  casing,  on  the  port  side,  a  slit  of  about  18 
inches  long  was  worn  entirely  through.  The  linings  of  the  pumps  all  show 
considerable  wear  at  the  end  of  the  season,  this  wear  largelj'  reducing  the 
efficiency  of  the  pump.  Investigation  in  this  respect  made  in  1899  showed 
that  with  an  increase  of  the  original  clearance  between  the  runner  blades  and 
casing  from  %  inch  to  ^4  inch,  the  efficiency  was  reduced  50  per  cent. 

Mr.  Maltby  also  described  a  series  of  experiments  made  with  the  steamer 
"Mississippi,"  used  as  an  inspection  boat  while  not  in  service,  with  the 
Mississippi  River  Commission.  The  propelling  wheel  of  the  steamer  is  22 
feet  in  diameter,  20  feet  long  and  has  20  buckets.  Experiments  were  made 
with  a  view  to  increasing  the  speed  of  the  boat.  It  was  thought  the  wheel 
was  afflicted  with  too  many  buckets.  Accordingly  various  trials  were  made 
by  reducing  the  wheel  area,  giving  various  results.  A  reduction  of  one-half 
the  area  increased  the  speed  0.2  of  a  mile  per  hour,  with  an  expenditure  of 
10  per  cent,  more  power.  The  conclusion  reached  was  that  an  improvement 
could  be  made  by  rebuilding  the  wheel,  using  only  eighteen  or  nineteen  arms, 
but  this  would  have  been  impracticable.  The  discussion  was  participated  in 
by  Messrs.  Colby,  Bryan,  Schwedtman  and  Bausch. 

The  President  appointed  a  temporary  committee  for  reception  and  lunch. 

Adjourned. 

F.  E.  B.\uscH,  Secretary. 


505TI1  MEETI^x.,  March  21,  1900. — The  meeting  was  called  to  order  at 
8.20  P.M.;  President  W.  S.  Chaplin  presiding.  Forty-one  members  and 
four  visitors  were  present.  The  minutes  of  the  504th  meeting  were  read 
and  approved.  The  minutes  of  the  289th  meeting  of  the  Executive  Com- 
mittee were  read.  The  application  for  membership  of  E.  C.  Angell  was 
presented  to  the  Club  and  referred  to  the  Executive  Committee  for  ap- 
proval. A  motion  was  made  and  carried  that  the  President  appoint  a  com- 
mittee of  three  to  report  upon  the  feasibility  and  plan  for  awarding  an 
annual   prize   for   the   best   paper  written   by  a   member  of  the   Engineers' 
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Club  on  an  engineering  subject.  The  Chair  appointed  B.  H.  Colby.  J.  H. 
Kinealy  and  W.  A.  Layman  to  serve  on  this  committee.  The  following 
standing  committees  for  the  year  were  also  appointed  by  the  Chair:  Com- 
mittee on  Monument  to  James  B.  Eads — Robt.  Moore,  Julius  Pitzman  and 
J.  A.  Ockerson;  on  Smoke  Prevention — Geo.  B.  Leighton,  Robt.  Moore. 
Edw.  Flad,  W.  H.  Bryan  and  J.  A.  Vail;  on  Entertainment— E.  E.  Wall, 
A.  L.  Johnson  and  Wm.  G.  Brenneke. 

The  paper  of  the  evening  was  on  "City  Lighting:  Past,  Present  and 
Future,"  by  Robt.  E.  McMath,  President  Board  of  Public  Improvements. 
An  historical  review  of  the  subject  was  given  dating  from  some  time  in  the 
6o's,  when  the  city  was  lit  by  gas  under  a  franchise.  As  early  as  1863 
municipal  ownership  of  an  illuminating  plant  had  been  discussed,  but 
nothing  came  of  it.  Under  the  old  cor  tract  it  was  thought  that  the  fran- 
chise authorizing  the  gas  company  to  do  business  in  St.  Louis  conveyed 
to  the  city  the  right  to  acquire  the  plant  at  the  end  of  the  contract.  In  later 
years  the  city  tried  to  obtain  possession  of  the  plant  of  the  St.  Louis  Gas 
Company,  but  was  unsuccessful  after  long  litigation. 

In  1888  the  subject  of  a  new  lighting  contract  was  taken  up  by  the 
Municipal  Assembly.  A  joint  committee  from  the  Council  and  House  of 
Delegates  recommended  the  erecting  of  a  lighting  plant  by  the  city,  and 
negotiations  were  opened  with  the  gas  company  with  a  view  to  purchasing 
or  leasing  its  plant.  These  negotiations  proved  unsatisfactory  and  the 
project  was  given  up.  Then  the  Assembly  passed  two  ordinances, — one 
calling  for  the  illumination  of  the  city  by  gas,  the  other  by  electricity. 
The  latter  ordinance  was  held  up  for  some  months  in  the  House  of  Dele- 
gates, but  it  eventually  passed.  By  its  terms  the  Board  of  Public  Improve- 
ments was  given  ten  days'  time  in  which  to  draw  up  specifications  for 
lighting  by  electricity  and  to  advertise  for  bids.  The  'board  was  equal  to 
the  task,  and  the  result  was  the  award  of  a  contract  to  the  Missouri-Edison 
Electric  Co.  for  lighting  the  city's  streets  and  alleys  for  a  term  of  ten  years 
from  1890.  Mr.  McMath  spoke  at  considerable  length  on  the  trouble  which 
the  Board  of  Public  Improvements  experienced  in  securing  the  passage 
of  an  ordinance  authorizing  a  new  lighting  contract.  The  first  ordinance, 
drawn  in  1896,  was  passed  successfully,  but  the  companies  refused  to  bid 
under  it,  owing  to  the  severity  of  the  conditions  imposed.  Another  ordi- 
nance placing  gas  and  electricity  into  competition  was  passed,  'but  was  at- 
tacked by  the  City  Counselor  and  pronounced  invalid.  Thereafter  ordi- 
nance after  ordinance  was  drawn  up  by  the  board,  only  to  suffer  defeat  in 
the  Council  on  various  pretexts.  Finally  public  opinion  was  aroused  and 
action  was  forced  upon  the  city  legislators. 

Under  the  ordinances  passed  by  virtue  of  the  taxpayers'  moral  suasion, 
a  temporary  contract  has  been  let.  The  Board  of  Public  Improvements 
took  up  the  question  of  lighting  the  city  with  gas  and  electricity,  and  to  this 
end  sent  an  ordinance  to  the  Municipal  Assembly  which  was  duly  passed. 
The  ordinance  divided  the  city  into  two  districts,  the  resident  portion, 
which  included  approximately  that  part  of  the  city  west  of  Jefferson  avenue, 
south  of  Chouteau  avenue  and  north  of  Cass  avenue  to  be  lighted  by  a 
refractory  mantle,  made  incandescent  by  a  hydrocarbon  gas;  the  other  part 
of  the  city,  comprising  the  business  district,  to  be  lit  by  electricity.  The 
contracts  for  both  kinds  of  lighting  have  been  let,  the  mantle  lamp  to  the 
Kern  Incandescent  Gas  Light  Company,  of  New  York,  and  the  arc  lamp 
to  the  Seckner  Contracting  Company,  of  Chicago. 
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Mr.  Mc.Math  declared  tliat  tl.e  next  lighting  contract  would  not  have 
such  a  dilVicuIt  road  to  travel,  unless  the  present  ordinances  were  re- 
pealed. The  discussion  was  participated  in  by  Messrs.  Holman,  Colby, 
Hermann  and  Bryan. 

The  meeting  adjourned  to  partake  of  a  light  lunch  arranged  by  the 

Entertainment  Committee. 

F.   E.   B.'VUSCH,  Secretary. 

Tet'liiiical  Society  of  the   Pacific  Coast. 


Regul.\k  Meeting,  M.vrch  2,  1900. — Called  to  order  at  8.30  p.m.  by  Vice- 
President  Falkenau. 

The  minutes  of  the  last  regular  meeting  were  read  and  approved. 

Mr.  J.  H.  G.  Wolf  was  elected  a  member  of  the  Society,  and  declared  so 
upon  a  count  of  ballots. 

Mr.  C.  E.  Grunsky,  City  Engineer,  addressed  the  members  informally  on 
the  subject  of 'the  "Proposed  Sewer  System  for  San  Francisco,"  which  was 
discussed  at  length  by  those  present. 

Profs.  Frank  Soule  and  H.  I.  Randall,  as  a  committee,  presented  a 
memorial  on  the  death  of  the  late  H.  H.  Hirst,  member  of  the  Society, 
which  was  ordered  to  be  published  in  the  Journal,  in  an  appropriate  form, 
together  with  a  photograph  of  the  deceased. 

Adjourned. 

Otto  von  Geldern,  Secretary. 


Detroit  Eug'ineeriiig-  Society. 


Regular  Meeting,  March  16,  1900. — The  meeting  was  called  to  order 
at  8.20  P.M.  by  President  Keep,  in  the  parlors  of  the  St.  Claire  Hotel.  On 
account  of  the  absence  of  the  Secretary,  Mr.  Field  was  requested  to  act  as 
Secretary  pro  tent.     No  business  was  transacted. 

The  speaker  of  the  evening,  Mr.  B.  O.  Tippey,  Superintendent  of  the 
Detroit  City  Gas  Company,  was  introduced  by  the  President,  and  gave 
an  interesting  talk  on  "Manufactured  Gas,"  supplemented  by  drawings  and 
tables  in  chart  form.  At  the  conclusion  of  the  paper  a  general  discussion 
followed,  which  was  led  by  Messrs.  Keep  and  Dow.  The  following  names 
were  proposed  for  membership:  Mr.  E.  S.  Wheeler,  of  the  United  States 
Engineer's  Ofifice,  and  Mr.  H.  L.  Woolfenden,  of  Gilbert  Wilkes  &  Co. 

Attendance  fifteen.     The  meeting  adjourned  at  9.15. 

H.  G.  Field. 


Civil  Kusiueer.s'  Society  of  St.  Paul. 


St.  Paul,  Minn.,  March  5,  1900. — A  regular  meeting  of  the  Civil  Engi- 
neers' Society  of  St.  Paul  was  held  at  8.30  p.m.  Present,  seven  members  and 
ten  visitors. 

Minutes  of  previous  meeting  read  and  approved. 

Mr.  Arthur  Lipschutz  read  a  paper  on  "Acetylene  for  Railway  Station 
and  Train  Lighting,"  and  Mr.  Max  Toltz  cited  some  facts  as  to  train  lighting 
in  general.  The  thanks  of  the  Society  were  tendered,  and  both  were  re- 
quested to  prepare  their  work  for  publication  in  the  Journal  of  the  Associa- 
tion OF  Engineering  Societies. 

Mr.  C.  Webster  Raynor  was  elected  to  membership. 

C.  L.  Annan,  Secretary. 
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Engineers'  Society  of  Western  New  York. 


Regular  Meeting,  February  6,  1900. — Meeting  called  to  order  at 
8.00   P.M.;    Mr.    Haven,    President,   in   the   chair. 

The  following  were  present:  Messrs.  Haven,  Diehl,  Bardol,  Tutton, 
Ricker,  Bassett,  Van  Der  Hoek,  Cornell,  Knighton,  Roberts,  March,  Bab- 
cock,  Tresise,  Guthrie,  Buttolph,  Whitford,  Speyer,  Kielland,  Chas.  Fell, 
Geo.  Fell,  Rathman,  Norton,  Newell  and  others. 

The  minutes  of  the  last  regular  meeting  were  read  and  approved. 

Mr.  Haven. — At  the  last  meeting  Mr.  Tutton,  of  the  Board  of  Man- 
agers of  the  Association  of  Engineering  Societies,  spoke  about  the  rates 
for  advertising  in  the  Journal.  I  wrote  to  Mr.  Trautwine  in  regard  to  the 
matter,  and  the  Secretary  will  read  his  reply. 

"Philadelphla,  Pa.,  January  25,  1900. 
"Mr.  W.  a.  Haven,  BufYalo,  N.  Y. 

"Dear  Sir, — Your  letter  of  the  i8th  inst.  was  received  here  during 
my  attendance  at  the  annual  meeting  of  the  A.  S.  C.  E.,  in  New  York  last 
week,  and  was  brought  to  my  attention  yesterday. 

"By  the  order  of  the  Board  of  Managers,  any  Society  obtaining  ad- 
vertisements for  the  Journal  is  entitled  to  90  per  cent,  of  the  gross 
amount  paid  to  the  Association  for  the  advertisement,  and  our  custom  is, 
after  the  advertisement  is  paid  to  the  Association,  to  send  the  Society  an 
Association  check  for  its  ninety  per  cent. 

"The  Engineers'  Club  of  Philadelphia  has  in  past  years  covered  the 
entire  cost  of  publishing  its  proceedings  by  means  of  its  advertisements, 
and,  as  I  remember  the  report  of  last  year,  they  collected  from  advertise- 
ments about  $600,  or  approximately  one-half  of  the  cost  of  the  Journal 
for  that  year.  I  can  see  no  reason  why  our  Societies  should  not  do  the 
same,  thereby  greatly  reducing  their  net  payments  to  the  Association,  and 
their  assessments  upon  their  members. 

"Of  course,  as  you  remarked,  high-salaried  railway  officials  can  hardly 
be  expected  to  advertise  extensively,  but  I  have  no  doubt  that  some,  at 
least,  of  your  members  are  interested  in  large  concerns  which  could  well 
afford  to  take  a  page  or  so. 

"Yours  truly. 
(Signed)         "John  C.  Trautwine.  Jr.,  Secretary" 
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Mr.  Haven. — You  will  see  by  this  it  does  not  mean  simply  the  ad- 
vertising of  the  individual  members,  but  anybody  you  can  get.  I  think 
some  of  you  can  save  money  for  the  Society  by  doing  this. 

The  Executive  Committee  has  authorized  the  President  and  Secretary 
to  sign  the  lease  of  the  room,  No.  975  Ellicott  Square,  and  has  directed  the 
Library  Committee  to  get  our  property  from  this  building  to  the  new 
room,  and  by  the  next  meeting  the  room  will  be  open  for  all  time  for  the 
members,  and  they  can  get  keys  and  have  easy  access  to  it. 

The  rent  begins  on  the   15th   of  February. 

I  name  a  Library  Committee  this  evening,  consisting  of  Mr.  Knighton, 
Mr.   Babcock  and  Mr.  Morse. 

The  Topic  Committee  for  this  month  is  Mr.  Bardol. 

Mr.  Haven. — The  Executive  Committee  has  considered  the  resolution 
passed  by  the  Society  at  the  annual  meeting,  and  now  recommends  that 
Thomas  William  Symons,  \Major  of  the  Corps  of  Engineers  of  the 
United  States  Army,  be  elected  honorary  member  of  this  Society.  A 
rising  vote  was  taken  and  Major  Symons  was  declared  to  be  unanimously 
elected. 

The  Secretary  was  directed  to  notify  Major  Symons  of  his  election  as 
honorary  member. 

Mr.  Newell  entertained  the  Society  with  a  very  complete  paper  on 
"Central  America,"  the  people,  climate,  earthquakes,  rainfall,  Nicaraguan 
Canal,  volcanoes,  etc.,  after  which  an  interesting  discussion  took  place,  Mr. 
Newell  kindly  answering  all  questions  asked  by  the  members. 

The  meeting  passed  a  vote  of  thanks  to  Mr.  Newell. 

Mr.  Bardol  reviewed  the  history  of  the  South  Buffalo  floods,  and  the 
plans  advocated  to  abate  the  same.  In  brief,  Mr.  Bardol  said:  "That  while 
plan  'A'  will  do  the  work  which  is  intended,  and  it  has  always  been  ad- 
vocated by  the  department,  it  is  a  plain  proposition  that  the  plan  that  will 
give  the  best  satisfaction  in  the  end  will  be  the  one  which  will  most 
shorten  up  the  river,  and  the  city  should  exhaust  every  effort  to  have 
this   done   before   actually  beginning  work   on   any  plan." 

A  vote  of  thanks  was  extended   Mr.    Bardol. 

Mr.  Norton  explained  about  the  Old  South  Channel  from  the  records 
in  the  County  Clerk's  office. 

Mr.  Whitford  mentioned  that  Sewell  Bennett  could  probably  inform  the 
Society  about  the  South  Channel,  as  his  father  furnished  part  of  the  money 
for  building  it. 

On  motion  of  Mr.   Ricker.  meeting  adjourned  at   10.15  P-M- 

G.  C.  DiEHL,  Secretary. 

Regular  Meeting,  March  5,  1900. — Meeting  called  to  order  at  8.30 
P.M.;  Mr.  Haven,  President,  in  the  chair. 

The  following  members  present :  Messrs.  Haven,  Fields,  Dr.  G.  E.  Fell, 
Roberts,  Morse,  Sikes,  Diehl,  Bardol,  Lufkin,  Guthrie,  Meyers,  Tench, 
Carlton,  Knighton,  Buttolph,  Whitford,  Ricker,  Kielland  and  sixteen  visi- 
tors. 

On  motion,  it  was  voted  that  the  rules  be  suspended  in  regard  to  the 
order  of  business  to  listen  to  an  address  by  Mr.  Buchanan,  the  Director- 
General   of  the   Pan-American    Exposition. 

Mr.  Buchanan  was  introduced  to  the  Society  by  Mr.  Haven,  after 
which  the  Society  listened  to  an.  entertaining  address  by  Mr.  Buchanan  on 
the   railways,    docks,    etc.,    in    Argentine    Republic. 
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Among  other  things  Mr.  Buchanan  said  that  the  railways  in  South 
America  were  among  the  best  equipped  and  best  managed  of  any  foreign 
Toads.  The  roads  have  been  built  under  a  Government  guarantee,  a 
Board  of  Managers  has  supervision  over  all  the  workings  of  the  roads 
and  the  roads  are  a  paying  investment.  The  Madeira  docks  are  among 
the  finest  in  the  world  and  were  built  in  the  face  of  almost  insurmountable 
difficulties. 

A  vote  of  thanks   was  tendered  to   Mr.    Buchanan. 

Dr.  Geo.  E.  Fell. — I  believe  all  of  us  would  like  to  hear  from  Mr. 
Buchanan  on  the  Pan-American  Exposition. 

Mr.  Buchanan. — This  Exposition  will,  do  more  to  make  known  and 
improve  your  city  than  anything  else  you  could  possibly  dream  of. 

A  gentleman,  I  think  a  member  of  your  Common  Council,  remarked 
that  the  people  of  the  city  of  Buffalo  need  to  be  discovered. 

The  interest  in  the  Exposition  is  great  throughout  the  country.  We 
have  applications  for  space  from  several  South  American  countries  who 
have  declined  to  make  an  exhibit  at  Paris,  and  these  countries  will  be 
represented  at  your  Exposition. 

The  work  is  going  on  steadily.  There  is  no  loss  of  time,  and  the 
Exposition  will  be  built  on  time  and  will  be  a  success,  provided  the  peo- 
ple of  Buffalo  take  the  proper  interest  in  it. 

No  budget  has  been  made,  can  be  made  or  will  be  made.  I  made  a 
budget  in  1890 — my  last  in  1893.  I  do  not  think  I  score  very  high  as  a 
budget-maker.  I  made  a  good  average  with  the  rest  of  them,  that  is  all 
the  satisfaction  I  got  out  of  it. 

(Applause.) 

Mr.  Haven. — Since  the  last  regular  meeting  we  have  moved  into  our 
new  rooms,  No.  975  Ellicott  Square.  A  key-book  has  been  prepared 
by  the  Secretary,  who  will  supply  you  with  keys  to  the  rooms. 

You  have  elected,  by  ballots  in  the  usual  way,  the  following  gen- 
tlemen since  the  last  meeting:  Messrs.  Kielland,  Tench,  Lewis,  Wilson  and 
Rogers.  (Mr.  Kielland  and  Mr.  Tench,  being  present,  were  introduced  to 
the  Society.) 

I  also  wish  to  announce  that  applications  have  been  received  by  the 
Society  from  Horatio  A.  Foster,  whose  application  is  indorsed  by  Messrs. 
Ricker,  'Morse,  Guthrie  and  Diehl.  Also  from  Geo.  F.  Lucas,  of  Castile, 
N.  Y.,  the  gentleman  who  makes  steel  tapes,  and  is  also  the  county  sur- 
veyor of  that  county,  indorsed  by  Messrs.  Haven,  Bardol,  Guthrie  and 
Diehl.  These  applications  will  be  presented  to  you  during  the  coming 
month. 

It  was  moved  by  Mr.  Guthrie  and  seconded  by  Mr.  Fields  that  the 
reading  of  the  minutes  of  the  last  regular  meeting  be  dispensed  with. 

Carried. 

The  following  letter  from  Major  Symons  was  read  by  the  Secretary: 

"Buffalo,  N.  Y.,  February  20,  1900. 
'"Mr.  Geo.  C.  Diehl,  Secretary  Engineers'  Society  of  Western  New  York. 

"Dear  Sir, — Your  letter  of  February  16,  announcing  my  election  as  an 
honorary  member  of  the  Society,  has  been  received. 

"Permit  me  to  thank  you  and  the  Society,  and  to  say  that  I  appreciate 
the  honor  very  much  and  that  I  shall  hold  the  interests  of  the  Society  very 
near  to  my  heart.  "Very  sincerely  yours, 

(Signed)        "Thomas    W.    Svmoxs." 
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AIr.  Haven. — I  also  had  a  letter  from  Major  Symons,  in  which  he 
said  the  notification  was  a  very  happy  birthday  present. 

Mr.  Buttolph. — I  move  that  when  we  adjourn,  we  adjourn  to  room 
No.  975   Ellicott   Square. 
Carried. 

Mr.  Knighton. — Referring  to  the  communication  of  Mr.  Trautwine, 
of  January  25,  1900,  to  our  President,  in  relation  to  advertisements,  I  offer 
the  following  resolution : 

Whereas,  By  order  of  the  Board  of  Managers  of  the  Association  of 
Engineering  Societies  any  Society  obtaining  advertisements  for  the  Jour- 
nal is  entitled  to  90  per  cent,  of  the  gross  amount  paid  to  the  Association 
for  the  advertisement ; 

Resolved,  That  any  member  of  our  Society  securing  an  advertisement 
to  be  inserted  in  the  Journal  of  the  Associated  Societies  whereby  the 
Society  shall  receive  90  per  cent,  of  the  gross  amount  paid  to  the  Asso- 
ciation, this  Society  agrees  to  pay  to  the  member  securing  such  adver- 
tisement —  per  cent.,  provided  such  member  shall  not  be  in  arrears  of  dues 
to  the  Society. 

Mr.  Haven. — I  think  it  is  a  very  good  thing  to  do.  If  the  Society  gets 
90  per  cent,  for  an  advertisement,  it  can  well  afford  to  pay  30  or  40  per 
cent  to  the  member  securing  the  ad.,  and  I  would  like  to  suggest  that  the 
blank  be  filled  in  with  40  per  cent. 

Mr.  Diehl. — The  resolution  says,  "except  such  member  is  not  in 
arrears  of  dues  to  the  Society."  If  the  Society  gets  90  per  cent.,  it  would 
be  better  to  pay  40  per  cent,  to  such  members  and  possibly  we  could  get 
the  dues  paid  up. 

Mr.   Haven. — Amendment  accepted. 
Resolution,  as  amended,  to  read  as  follows: 

Whereas,  By  order  of  the  Board  of  Managers  of  tne  Association  of 
Engineering  Societies,  any  Society  obtaining  advertisements  for  the  Jour- 
nal is  entitled  to  90  per  cent,  of  the  gross  amount  paid  to  the  Association 
for  the  advertisement; 

Resolved,  That  any  member  of  our  Society  securing  an  advertisement 
to  be  inserted  in  the  Journal  of  the  Associated  Societies  whereby  the 
Society  shall  receive  90  per  cent,  of  the  gross  amount  paid  to  the  Asso- 
ciation, the  Society  agrees  to  pay  to  the  member  securing  such  advertise- 
ment 40  per  cent,  of  the  amount  received  from  the  Association. 
Question  put,  motion  lost. 

Mr.  Haven. — I  am  sorry  that  the  motion  has  been  lost.  Will  some 
of  the  gentlemen  who  have  objected  to  it  state  their  reasons? 

Mr.  Ricker. — It  does  not  seem  to  me  that  the  Society  should  take 
this  position  of  paying  a  rebate  to  members.  It  looks  too  much  like  a 
tax  collector.  If  a  man  cannot  through  love,  patriotism,  sentiment  or  re- 
gard for  this  Society  interest  himself  for  the  good  of  the  Society,  he  should 
not  be  given  an  inducement  to  do  so.  What  is  done  should  be  done  for 
the  Society  itself,  and  not  with  the  idea  that  a  rebate  is  to  be  paid. 
Meeting  adjourned  to   No.  975   Ellicott  Square,  at   10  p.m. 

G.  C.  Diehl,  Secretary. 

Regular  Meeting,  April  2,  1900.— Meeting  called  to  order  at  8.20 
P.M.;  Mr.   Haven,  President,  in  the  chair. 

The  following  members  present:  Messrs.  Haven,  Tench,  Sikes,  Kiel- 
land,  Van  Der  Hoek,  Lufkin,  Diehl,  Speyer,  Rogers,  Bardol,  Bassett, 
Buttolph,  Knighton,  Knapp,  Cornell,  C.  F.  Fell,  Roberts  and  five  visitors. 
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It  was  moved  nnd  seconded  that  the  reading  of  the  minutes  of  the  last 
regular  meeting  be  dispensed  with,  and  that  they  be  approved  as  printed. 

Carried. 

Mr.  H.wen. — You  have  elected  as  members  of  the  Society  Messrs. 
George  F.  Lucas  and  Horatio  A.  Foster,  and  the  Secretary  will  please 
notify  these  gentlemen  of  their  election. 

Mr.  Knighton,  on  behalf  of  the  Library  Committee,  reported  that  two 
meetings  had  been  held,  and  the  matter  of  bookcases  considered.  The 
committee,  after  correspondence  with  makers  of  bookcases,  had  decided  to 
sell  to  the  Society  of  Natural  Sciences,  for  $50,  the  old  bookcase,  now  in 
the  rooms  at  the  library  building. 

Mr.  Knighton  urged  the  binding  of  periodicals,  and  the  matter  was  re- 
ferred to  the  Library  Committee,  with  power. 

Mr.  Haven  announced  that  he  had  corresponded  with  the  chief  en- 
gineers of  several  railroads,  asking  them  to  furnish,  for  the  Society,  copies 
of  their  most  recent  specifications  for  steel  structures,  especially  for  rail- 
roads. The  following  officers  have  complied  with  this  request.  A  vote 
of  thanks  to  these  gentlemen  was  passed  unanimously:  C.  W.  Buchholz, 
chief  engineer,  Erie  Railroad,  New  York  city;  E.  H.  McHenery,  chief 
engineer,  Northern  Pacific  Railroad,  St.  Paul;  W.  J.  Wilgus,  chief  en- 
gineer, New  York  Central  Railroad,  New  York  City;  Joseph  Hobson,  chief 
engineer.  Grand  Trunk  Railroad,  Montreal;  William  A.  Pratt,  engineer 
of  bridges,  Pennsylvania  Railroad,  Philadelphia;  J.  H.  Graham,  chief  en- 
gineer. Baltimore  and  Ohio  Railroad,  Baltimore;  J.  E.  Blunt,  chief  en- 
gineer, Chicago  and  Northwestern  Railroad,  Chicago;  W.  L.  Breckenridge, 
chief  engineer,  Chicago,  Burlington  and  Quincy  Railroad,  Chicago;  J.  B. 
Berry,  chief  engineer,  Union  Pacific  Railroad,  Omaha.  The  Canadian 
Pacific  Railroad  had  replied  that  specifications,  now  being  printed,  would 
be  forwarded  as  soon  as  completed. 

Mr.  Louis  H.  Knapp,  Chief  Engineer  of  the  Water  Department,  was  then 
introduced  to  the  Society  by  the  President,  and  spoke  on  the  subject, 
"Water  Supply  for  the  Pan-American,"  as  follows: 

Mr.  President  and  Members  of  the  Society:  The  water  supply  or  distri- 
bution of  the  city  of  Buflfalo  consists  of  about  500  miles  of  cast  iron  pipe, 
varying  in  size  from  3  inches  to  48  inches  in  diameter,  about  5000  hydrants 
and  7000  valves. 

The  city  is  divided  in  its  fire  protection  into  a  business  district  and 
a  residence  district.  The  business  district  is  bounded  on  the  north  by 
North  street,  on  the  east  by  Michigan  street  and  on  the  south  and  west  by 
the  water  front.  The  hydrants  in  this  business  district  are  located  about 
300  feet  apart;  those  in  the  residence  district  about  500  feet  apart.  The  water 
supply  in  the  business  district  is  about  600  gallons  per  minute  per  hydrant, 
and  in  the  residence  district  about  300  gallons  per  minute.  The  pipes 
are  proportioned  to  carry  a  sufficient  amount  of  water  at  a  velocity  of  23^ 
feet  per  second  to  supply  the  amount.  In  the  business  district  we  can 
supply  thirty  steamers  at  any  point,  and  in  the  residence  district  ten 
steamers. 

In  the  business  district  we  have  a  48-inch  main  in  North  street;  Allen 
street,  a  24-inch;  through  Virginia  street,  a  20-inch;  through  Tupper  street, 
20-inch;  through  Huron  and  Sycamore,  36-inch;  through  Court  and  Clinton 
streets,  36-inch;  North  Division  street,  16-inch,  and  Exchange  street,  20- 
inch.     You  will  notice  that  the  large  pipes  are  located  in  the  streets  run- 
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ning  east  and  west,  and  the  smaller  sized  pipes  in  the  streets  running 
north  and  south.  This  is  so  on  account  of  the  location  of  the  pumping 
station.  Buffalo  has  a  large  amount  of  6-inch  pipes,  also  a  large  amount  of 
larger  pipes.  In  fact  Buffalo  probably  is  the  only  city  in  the  world  that 
can  supply  400  gallons  per  capita  and  at  the  same  time  keep  up  the  fire 
pressure  on  its  mains. 

In  1872,  immediately  after  the  Chicago  fire,  the  city  abandoned  the  idea 
that  a  fire  stream  could  be  obtained  through  a  4-inch  pipe;  and,  in  1882, 
the  city  followed  the  practice  of  the  city  of  Boston  after  its  fire,  to  put 
in  no  pipes  of  less  than  12  inches  in  the  business  district;  following  that  cus- 
tom, all  pipes  in  the  business  district  are  made  10  inches  in  diameter.  We  are 
able  to  get  the  same  results  with  a  lo-inch  pipe  on  account  of  the  large 
pipes  running  east  and  west  as  Boston  can  wnth  12-inch  pipes. 

In  the  improvement  of  the  city  one  of  the  requirements  is  that  the 
water  pipes  shall  be  laid  in  advance  of  the  pavement,  consequently  in 
such  streets  as  Bailey  and  Kensington  avenues  large  pipes  are  laid,  dimin- 
ishing toward  the  city  line;  so  that  in  the  outlying  districts  of  the  city 
the  necessary  mains  are  laid  for  some  fifteen  or  twenty  years  to  come. 

If  the  Pan-American  had  been  located  at  Riverside  Park,  we  would 
have  been  unable  to  furnish  them  with  a  large  amount  of  water,  because 
as  you  approach  the  city  line  the  pipe  decreases  in  size.  A  separate  pump- 
ing station  would  have  had  to  be  built  to  furnish  them  with  sufficient 
water. 

If  the  Pan-American  had  been  located  at  the  Front,  we  could  have 
furnished  them  the  water  required  without  any  great  expense. 

The  present  site  is  surrounded  by  a  belt  line  of  large  pipes.  At  first 
they  asked  us  for  3,000,000  gallons  in  twenty-four  hours;  in  a  few  months 
they  have  asked  us  to  increase  this  to  5,000,000.  In  order  to  supply  them 
with  5,000,000  gallons  per  day  and  keep  up  the  pressure  at  Central  Park. 
Highland  Park  and  the  Poorhouse,  we  have  decided  to  reinforce  these 
pipes  by  a  20-inch  main  in  Delaware  avenue  from  Delavan  avenue  to  Am- 
herst street.  It  is  only  necessary  at  the  pumping  station  to  add  another 
engine;  that  is  taken  off  from  the  reservoir  and  put  on  the  high  service.  The 
railroads  will  receive  water  for  their  engines  from  the  pipe  in  Hertel  ave- 
nue. The  distribution  of  water  inside  of  the  grounds  is  for  the  company 
to  arrange;  we  will  furnish  water  for  drinking  fountains,  sprinkling  and 
everything  of  that  kind.  This  problem  is  very  simple.  It  is  no  more  difficult 
to  supply  5,000,000  gallons  at  this  point  (Pan-American  site)  than  it  was 
to  furnish  the  same  amount  to  the  Grape  Sugar  Works,  on  Scott  street, 
some  years  ago.  Gentlemen,  I  think  this  is  all  I  can  say  about  the  water 
for  the  Pan-American. 
(Applause.) 

In  reply  to  questions,  Mr.  Knapp  stated  as  follows:  If  much  water  is 
wanted  by  the  Pan-American  for  lakes  and  fountains,  it  will  have  to  es- 
tablish a  pumping  plant  at  the  Scajaquada  Creek  and  draw  its  water 
from  the  harbor.  It  can  then  flow  back  into  the  creek.  The  city  is  not  in 
position  to  supply  anv  large  amount  of  water  where  it  goes  to  wjste. 

The  elevation  of  the  water  in  the  Prospect  reservoir  is  116  plus  city 
base  The  highest  point  in  the  city  is  125.  We  take  the  water  at  an  ele- 
vation of  66  below  the  surface  of  the  water  in  the  reservoir,  or  elevation  ot 
50  plus  city  base.     We  call  that  the  dividing  line  between  the  reservoir  ana 
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high  pressure.  The  surface  of  the  city  of  Buffalo  is  very  peculiarly  situated. 
Black  Rock  is  low;  the  highest  point  of  the  city  is  in  the  northeastern  part. 
When  the  Kensington  district  is  developed  we  will  not  be  able  to  furnish 
them  from  the  reservoir.     A  new  supply  to  the  district  will  be  furnished. 

Sixty  per  cent,  of  the  water  pumped  is  on  the  reservoir  and  40  per 
cent,  on  the  high  service.  The  southern  part  of  the  city  is  not  well  built 
up;  when  it  is,  an  additional  plant  will  have  to  be  built  at  Stony  Point. 

At  the  present  time  I  think  that  the  sewage  of  Buffalo  contaminates  the 
water  of  Tonawanda  and  Niagara  Falls,  though  Mr.  Buttolph  may  not  agree 
with  me.  I  think,  however,  that  there  is  just  as  good  water  opposite  Tona- 
wanda and  ^Niagara  Falls  as  there  is  opposite  Buffalo.  If  Tonawanda 
would  go  across  Grand  Island  into  the  Canadian  channel,  and  the  same 
can  be  said  of  Niagara  Falls,  they  would  get  good  water. 

Mr.  Tench. — The  Canadians  make  no  complaint  of  bad  water. 
Mr  Kx.\pp. — They  can  get  good  water  at  both  Tonawanda  and  Niagara 
Falls  if  they  go  out  into  the  Canadian  channel;  they  cannot  get  good  water 
in  the  American  channel.     The  great  beauty  of  Buffalo  water  is  that  the 
water  is  thoroughly  aerated. 

The  water  furnished  to  the  Pan-American  is  to  be  metered,  so  that 
the  water  department  will  get  credit  for  what  it  pumps,  although  possibly 
the  city  will   not  get  any  money  for  it. 

Seventy  per  cent,  of  the  water  pumped  in  Buffalo  is  wasted.  We  have 
to-day  in  Buffalo  nine  engines  with  a  total  pumping  capacity  of  200,000,000 
gallons  of  water  per  day.  If  a  meter  was  placed  on  every  supply  in  Buffalo, 
one  engine  would  be  able  to  supply  the  whole  city.  The  problem  in  Buf- 
falo to-day  is  to  restrict  the  waste.  One  engine  on  the  high  service  working 
at  80  pounds  per  square  inch  would  supply  the  city  if  this  waste  was 
stopped.  We  pumped  400  gallons  per  capita  or  i6o,ooo,coo  in  twenty- 
four  hours  during  zero  weather. 

Mr.  H.wex. — Has  any  account  been  kept  as  Mr.  Trautwine  has  done 
in   Philadelphia? 

Mr.  Kn.'XPP. — No,  sir,  not  exactly;  but  it  could  be  done  very  easily. 
Mr.  H.wex. — I  see  by  his  report  the  great  number  of  gallons  wasted 
by  just  a  drop,  drop,  drop  from  a  faucet  leaking. 

Mr.  Dieiil.— I  move  that  a  vote  of  thanks  be  extended  to  Mr.  Knapp 
for  his  very  interesting  address,     Seconded  by  Mr.   Buttolph. 
Carried  unanimously. 
Meeting  adjourned  at  9.45  ?•«■  G.   C.   Diehl,  Secretary. 


Bo.ston  Society  of  Civil  Engrineers. 


BosTOX.  M.\ss.,  Febriarv  21.  1900.— A  regular  meeting  of  the  Boston 
Society  of  Civil  Engiaeers  was  held  in  Chipman  Hall,  Tremont  Temple, 
Boston,  at  7.50  o'clock  p.m.  ;  President  C.  Frank  Allen  in  the  chair.  Seventy- 
eight  members  and  visitors  present. 

The  records  of  the  last  meeting  and  of  the  special  meeting  of  Feb- 
ruary I.  were  read  and  approved. 

Messrs.  Edmund  M.  French  and  John  E.  Titus  were  elected  members 
of  the  Society. 

The  President  reported  for  the  Board  of  Government  a  recommenda- 
tion that  the  eighteenth  annual  dinner  of  the  Society  be  held  on  March  6, 
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and  on  motion  it  was  voted  that  the  annual  dinner  be  held  on  that  date, 
and  that  Mr.  Henry  Manley  be  a  committee  to  make  the  necessary  arrange- 
ments. 

The  thanks  of  the  Society  were  voted  to  Mr.  Ralph  E.  Curtis  for  the 
interesting  paper  read  at  the  informal  meeting  of  the  Society  held  on  January 
17,  1900. 

A  letter  was  read  from  Mr.  Andrew  D.  Ftiller  resigning  the  office  of 
Librarian,  on  account  of  absence  from  Boston.  On  motion  the  resigna- 
tion was  accepted,  and  the  Board  of  Government  requested  to  take  charge 
of  the  Library. 

The  Secretary  read  a  memoir  of  Mr.  Samuel  Nott,  an  honorary  mem- 
ber of  the  Society,  prepared  by  Messrs.  L.  B.  Bidwell  and  Edward  Sawyer, 
a  committee  of  the  Society. 

Mr.  George  B.  Francis  then  gave  a  very  interesting  talk,  illustrated  by 
the  stereopticon,  on  the  construction  of  the  South  Terminal  Station  in 
Boston. 

Adjourned.  S.   E.  Tinkham.  Secretary. 


Boston,  Mass.,  March  21,  1900. — The  annual  meeting  of  the  Boston 
Society  of  Civil  Engineers  was  held  in  Chipman  Hall,  Tremont  Temple, 
Boston,  at  7.50  o'clock  p.m.;  President  C.  Frank  Allen  in  the  chair.  Sixty- 
three  members  and  visitors  present. 

The  record  of  the  last  meeting  was  read  and  approved. 

Messrs.  Clarence  T.  Fernald,  William  B.  Hunter,  Harry  L.  Kimball. 
Leonard  P.  Kinnicutt  and  Frank  E.  Waterman  were  elected  members  of 
the  Society. 

The  Secretary  read  a  memoir  of  Charles  E.  C.  Breck,  a  member  of  the 
Society,  prepared  by  Messrs.  Joseph  H.  Curtis  and  Channing  Howard,  a  com- 
mittee of  the  Society. 

The  annual  report  of  the  Board  of  Government  was  read  by  the  Presi- 
dent, and  by  vote  it  was  accepted. 

The  reports  of  the  Secretary  and  Treasurer  were  read  respectively  by 
those  officers,  and  by  votes  they  were  accepted. 

The  report  of  the  Committee  on  Excursions  was  read  by  Mr.  Metcalf, 
and  by  vote  it  was  accepted. 

The  report  of  the  Committee  on  the  Library  was  read  by  the  Secretary, 
and  by  vote  it  was  accepted. 

Mr.  FitzGerald,  for  the  Committee  on  Quarters,  made  a  brief  verbal 
report,  which  was  accepted. 

On  motion  of  Mr.  FitzGerald,  the  sum  of  $50  was  appropriated  for  the 
purchase  of  standard  engineering  books. 

On  motion  of  Mr.  Brackett,  it  was  voted  to  refer  to  the  Board  of  Gov- 
ernment, with  full  powers,  the  question  of  continuing  the  several  special 
committees  of  the  Society  and  the  selection  of  the  membership  thereof, 
and  also  the  question  of  printing  the  various  reports  which  have  been  re- 
ceived this  evening. 

On  motion  of  Mr.  Flinn,  the  sum  of  $50  was  appropriated  for  the  use 
of  the  Librarian  for  clerical  assistance. 

On  motion  of  Prof.  Swain,  the  Board  of  Government  was  authorized 
to  transfer,  during  the  year,  the  sum  of  $2000  from  the  current  fund  to  the 
permanent  fund  of  the  Society. 


PROCEEDINGS.  39 

Messrs.  A.  G.  Robbins  and  I.  T.  Farnhani,  the  tellers  of  the  election, 
submitted  the  result  of  the  letter  ballot,  and,  in  accordance  with  their 
report,  the  President  announced  the  election  of  the  following  officers: 

President — Alexis  H.  French. 

Vice-President  (for  2  years) — Frank  W.  Hodgdon. 

Secretary — S.  Everett  Tinkham. 

Treasurer — Edward  W.  Howe. 

Librarian — Louis  F.  Cutter. 

Director  (for  2  years) — Ira  N.  Hollis. 

President  C.  Frank  Allen  then  delivered  the  annual  address  of  the 
retiring  President,  entitled  "The  Outlook  for  Engineers." 

Before  declaring  the  meeting  adjourned,   President  Allen,   in  a  very 
felicitous  manner,  introduced  his  successor,  Mr.  French,  who  thanked  the 
members   for  the   honor   they   had  conferred   upon   him    in    electing   him 
President  of  the  Society  for  the  ensuing  year. 
Adjourned. 

S.  E.  Tinkham,  Secretary. 


Annu.xl  Report  of  the  Bo.\rd  of  Government  for  the  Year  1899- 1900. 

Boston,  March  21,  1900. 
To  the  Members  of  the  Boston  Society  of  Civil  Engineers : 

In  compliance  with  the  provisions  of  the  Constitution,  the  Board  of 
Government  submits  its  report  for  the  year  ending  March  21,  1900. 

At  the  last  annual  meeting  the  total  membership  of  the  Society  was  484, 
of  which  473  were  members,  5  honorary  members  and  5  associates.  During 
the  past  year  we  have  lost  22  members;  5  by  death,  9  by  resignation  and 
8  by  forfeiture  of  membership  for  non-payment  of  dues.  There  have  been 
added  to  the  Society  during  the  year  28  members;  23  of  these  have  been 
new  members  elected,  i  was  transferred  from  the  Montana  Society  of 
Engineers  and  4  former  members  of  the  Society  have  been  reinstated. 
Our  present  membership  consists  of  2  honorary  members,  6  associates  and 
482  members;  a  total  of  490. 

The  record  of  deaths  during  the  year  is:  Charles  Herbert  Swan  died 
April  17,  1899;  Sumner  Hollingsworth  died  June  26,  1899;  John  H.  Blake 
died  July  5,  1899;  Samuel  Nott  died  October  i,  1899;  William  Scollay  Whit- 
well  died  October  31,  1899. 

Of  these,  three  were  honorary  members.  John  H.  Blake  was  the  first 
Secretary  of  the  Society,  and  Samuel  Nott  the  second,  his  term  of  office 
extending  over  many  years.  These  two,  with  William  S.  Whitwell,  had 
been  members  of  tlie  Society  from  the  beginning.  By  their  deaths,  all 
occurring  in  the  S2d  year  of  the  Society's  existence,  there  is  severed  the 
last  tie  binding  us  to  the  earliest  history,  the  organization  of  this  Society. 
We  are,  however,  fortunate  in  retaining  something  more  than  a  pleasant 
memory  of  the  early  days,  in  the  existence,  as  an  honorary  member,  of 
Charles  H.  Haswell,  who  was  elected  a  corresponding  member  of  the 
Society  in  1850,  and  who,  at  an  advanced  age,  is  still  engaged  in  the  active 
practice  of  his  profession,  who  finds  opportunity  even  now  to  exercise  his 
privilege  of  voting  for  officers,  and  whose  further  interest  in  the  Society  is 
shown  by  the  following  extract  from  a  letter  to  Mr.  Henry  Manley  on  the 
occasion  of  the  last  annual  dinner: 

"I  regret  the  impracticability  of  my  meeting  the  members  of  the 
Boston  Society  of  Engineers  on  the  5th  inst.,  as  I  would  have  anticipated 
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much  pleasure  in  meeting  its  members  on  a  social  occasion.  As  a  Boston 
bred  boy,  1809  to  1819,  I  am  pleased  to  know  of  the  success  of  the  Society 
of  which  I  have  the  honor  of  being  a  member." 

Ten  regular  and  three  special  meetings  of  the  Society  have  been 
held  during  the  year,  and  the  eighteenth  annual  dinner  was  given  at  the 
Hotel  Vendome  on  March  6,  1900.  The  average  attendance  at  the  regular 
and  special  meetings  was  79,  the  largest  being  160  and  the  smallest  51. 
The  attendance  at  the  annual  dinner  was  141. 

The  following  papers  have  been  read  at  the  several  meetings : 

March  15,  1899. — "Sewage  Pumping  Station  and  the  Precipitation 
Tanks  at  Providence,  R.  I.,"  by  Otis  F.  Clapp.     (Illustrated.) 

April  17,  1899. — "Construction  of  the  New  Bedford  and  Fairhaven 
Bridge,"  by  William  F.  Williams.     (Illustrated.) 

May  2,  1899. — "A  Trip  to  Porto  Rico,"  by  Leonard  Metcalf.  (Illus- 
trated.) 

May  17,  1899. — "Covered  Reservoirs  and  their  Design,"  by  Freeman 
C.  Coffin. 

Discussion  by  Frank  L.  Fuller. 

June  21,  1899. — "Description  of  the  Plant  of  the  New  England  Gas 
and  Coke  Co.,"  by  Louis  J.  Hirt.     (Illustrated.) 

September  20,  1899. — "Account  of  a  Recent  Visit  to  Egypt  and  Europe," 
by  Howard  A.  Carson.  (Illustrated.)  Memoirs  of  Thomas  Doane  and  of 
Charles  H.  Swan. 

October  18,  1899. — "Mechanical  Draft  for  Steam  Boilers,"  by  Walter  B. 
Snow.     (Illustrated.) 

November  15,  1899. — "Protective  Coatings  for  Structural  Metals,"  by 
Prof.  A.  H.  Sabin. 

December  20,  1899. — "Sand  Filter  Beds  and  Steel  Conduit  of  the  Albany, 
N.  Y.,  Water  Works,"  by  William  B.  Fuller.       (Illustrated.) 

January  12,  1900. — "Construction  of  the  Longwood  Avenue  Bridge,"  by 
Alexis  H.  French.     (Illustrated.) 

January  24,  1900. — "Recent  Experiment  on  the  Bacterial  Treatment  of 
Sewage  in  England,"  by  Prof.  Leonard  P.  Kinnicutt.  Memoirs  of  William 
S.  Whitwell  and  of  Sumner  Hollingsworth. 

February  i,  1900. — "Description  of  the  Metropolitan  Water  System,"  by 
Frederic  P.  Stearns.     (Illustrated.) 

February  21,  1900. — "Construction  of  the  South  Terminal  Station  in  Bos- 
ton "  by  George  B.  Francis.     (Illustrated.) 

Ten  informal  meetings  have  been  held  in  the  Society's  library  during  the 
past  year,  with  a  much  larger  average  attendance  than  in  any  previous  year. 

The  subjects  discussed  at  these  meetings  have  been  as  follows: 

March  22,  1899. — "Work  Now  in  Progress  for  the  Improvement  of  the 
South  Bay,  Boston,"  by  Henry  S.  Adams. 

March  29,  1899. — "Some  Problems  and  Details  of  Landscape  Engineer- 
ing," by  Edward  P.  Adams. 

December  6,  1899. — "Work  of  the  Metropolitan  Water  Board  on  Spot 
Pond,"  by  W.  E.  Foss  and  J.  L.  Howard. 

December  13,  1899. — "Cadastral  Surveys,"  by  Henry  B.  Wood. 

December  27,  1899. — "Park  Construction  in  Cambridge,"  by  J.  Albert 
Holmes. 

January  10,  1900. — "Boston  Elevated  Railway  Construction,"  by  George 
A.  Kimball. 
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January  17,  1900. — "Some  Station  Construction  Work  of  the  Edison 
Electric  Illuminating  Company  in  1899,"  by  Ralph  E.  Curtis. 

February  14,  1900. — "Construction  of  Boat  Harbors  along  the  South 
Shore  of  Massachusetts,"  by  John  R.  Burke. 

February  28,  1900. — "Charlottetown  Sewerage  Works,"  by  Freeman  C. 
Coffin. 

March  14,  lyoo. — "Details  of  the  Steel  Construction  of  the  Boston 
Elevated  Railway,"  by  Joseph  R.  Worcester. 

In  accordance  with  the  recommendation  of  this  board,  the  Society 
appropriated  last  year  $50  for  the  purchase  of  standard  engineering  works. 
Books  to  the  cost  of  nearly  the  full  amount  have  been  purchased  and  added 
to  the  library.  The  board  recommends  that  the  sum  of  $50  be  appropri- 
ated for  the  purchase  of  standard  engineering  works  during  the  coming 
year.  The  board  also  recommends  that  it  be  authorized  to  expend  a  sum 
not  more  than  $50  for  clerical  assistance  for  the  Librarian  during  the 
coming  year. 

The  report  of  the  Treasurer  indicates  continued  financial  prosperity 
during  the  year.  The  permanent  fund  is  now  a  trifle  in  excess  of  $10,000, 
and  the  current  fund  shows  a  surplus  of  $1910.43.  The  board  recommends 
that  during  the  coming  year  the  sum  of  $2000  be  transferred  from  the  cur- 
rent fund  to  the  permanent  fund  of  the  Society. 

During  the  year,  under  the  authority  given  by  vote  of  the  Society, 
there  has  been  executed  with  the  Tremont  Temple  Baptist  Church  a  lease  for 
three  years,  with  the  privilege  of  renewal  for  three  years  upon  the  same 
terms.  A  lease  has  also  been  executed  with  the  New  England  Water 
Works  Association  for  three  years.  The  lease  with  the  Hersey  Manufac- 
turing Company  has  not  been  renewed.  It  seemed  wise  both  from  the  point 
of  view  of  the  tenant  and  of  the  Board  of  Government  that  the  occupation 
should  not  be  under  a  lease.  The  Hersey  Manufactiying  Company  still 
occupies  the  room  as  tenant  at  will. 

The  record  of  the  year  would  not  be  complete  without  mentioning  the 
gift  to  the  Society  of  an  excellent  portrait,  in  crayon,  of  Thomas  Doane, 
who  was  for  so  many  years  President  of  this  Society,  and  up  to  the  time 
of  his  death  an  earnest  and  interested  member.  The  portrait  was  the  gift 
of  Charles  A.  Pearson,  a  member  of  the  Society,  and  for  many  years  an 
assistant  to  Mr.  Doane. 

An  event  of  exceptional  interest  and  pleasure  was  the  annual  ex- 
cursion of  the  Canadian  Society  of  Civil  Engineers,  which  was  held  in 
Boston,  in  February,  about  60  members  constituting  the  party.  A 
program  of  excursions  suitable  for  winter  was  arranged  by  a  committee  of 
this  Society,  covering  the  three  days  of  their  visit  here.  A  special  meeting 
of  the  Society  was  also  held  at  which  Mr.  Frederic  P.  Stearns  gave  a  descrip- 
tion of  the  Metropolitan  Water  System,  the  works  of  which,  though  now 
under  construction,  it  was  not  feasible  to  visit  on  account  of  the  weather. 
After  the  meeting  a  lunch  was  served  in  rooms  adjoining  the  hall  and  the 
Society  rooms.  During  one  of  the  evenings  of  their  stay,  the  Canadian  So- 
ciety held  their  "Members'  Annual  Dinner,"  to  which  they  very  generously 
invited  many  of  the  members  of  our  Society  who  had  had  opportunity  to 
show  them  special  courtesies.  The  appreciation  shown  by  the  Canadians  as 
guests,  and  their  whole-souled  hospitality  as  hosts  for  an  evening,  made  their 
visit  here  most  enjoyable  to  all  who  were  able  to  meet  them  in  either  the 
capacity  of  guest  or  host. 
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Our  own  annual  dinner  also  gave  opportunity  as  usual  for  a  pleasant 
interchange  of  courtesies  with  many  of  our  sister  Societies  of  Engineering. 
Respectfully  submitted  for  the  Board  of  Government. 

C.  Frank  Allen^  President. 

Abstract  of  the  Treasurer's  and  Secretary's  Reports  for  the  Year 

I 899- I 900. 

Receipts:  current  fund. 

Dues  from  new  members $1 10.00 

Dues  for  year  1896-1897 5.00 

Dues  for  year  1898-1899 16.00 

Dues  for  year  1899-1900 3,332.50 

Dues  for  year  1900-1901  54  00 

Rent  of  rooms   1,050.00 

Sales  of  Journals 6.25 

Fines  on  books  and  sales  of  periodicals 4.09 

Interest  on  deposits   31-33 

Balance  on  hand  March  15,  1899 926.99 

$5,536.16- 

ExpendiHcres: 

Rent $1,710.00 

Association  of  Engineering  Societies  625.50 

Secretary's  salary   400.00 

Printing,  postage  and  stationery   383.00 

Periodicals    and    binding    iii-55 

Incidentals    93-84 

Annual  dinner 48.25 

Books  and  pamphlets  61.50 

Stereopticon  at  meetings 100.00 

Furniture  and  repairs    67.74 

Expenses  of  Excursion  Committee  i7-5i 

Lighting  room   6.84 

$3,625.73 

Balance  on  hand  $1,910.43. 

Receipts:  permanent  fund. 

Twenty-three    entrance    fees    $230.00 

Shares  of  Merchants'  Co-operative  Bank,  retired   ....       1,812.98 

Subscription   to    Building   Fund    100.00 

Interest  and  dividends i40-54 

Balance  on  hand  March  15,  1899 900.01 

$3,183.53 

Expenditures: 

Dues  on  shares  Merchants'  Co-operative  Bank $332.00 

Dues  on  shares  Workingmen's  Co-operative  Bank  ....  300.00 

Dues  on  shares  Volunteer  Co-operative  Bank  300.00 

Deposit  in  Warren  Institution  for  Savings   1,008.75 

Deposit  in  Institution  for  Savings  in  Roxbury 1,000.00 

Deposit  in  Provident  Institution  for   Savings    38.87 

Deposit  in  Boston  Five-cents  Savings  Bank 38.37 

3,oi7-99- 

Balance  on  hand    $165.54 
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One  Republican  Valley  R.  R.  bond  (par  value)    $600.00 

25   shares    Merchants'    Co-operative    Bank    1,707.25 

25  shares  Workingmen's  Co-operative  Bank  1,656.50 

25  shares  Volunteer  Co-operative  Bank 1,605.75 

Deposited  in  Provident  Institution  for  Savings  1. 140.34 

Deposited  in  Boston  Five-cents  Savings  Bank   1,126.25 

Deposited  in   Institution   for  Savings  in   Roxbury    1,000.00 

Deposited  in  Warren  Institution  for  Savings 1,008.75 

Deposited  in  Old  Colony  Trust  Company 165.54 

$10,010.38 
Amount  belonging  to  Permanent  Fund  March  15,  1899 9,252.91 

Increase  during  year   $757-47 

TOTAL   PROPERTY   OF   THE   SOCIETY   IN    THE   POSSESSION   OF   THE   TREASURER. 

Permanent  Fund   ' $10,010.38 

Current  Fund    1,910.43 

$11,920.81 
Total  Amount  March  15,  1899 10.179.90 

Total  increase  during  the  year  $1,740.91 


Report  of  Committee  on  Excursions. 

Boston,  March  21,  1900. 
To  the  Members  of  the  Boston  Society  of  Civil  Engineers : 

Your  Excursion  Committee  hereby  presents  its  annual  report. 

Ten  excursions,  exclusive  of  those  arranged  for  the  recent  visit  of 
tile  Canadian  Society  of  Civil  Engineers  to  Boston,  were  made  during 
the  year,  as  follows: 

April  20,  1,899. — To  the  low  service  pumping  station  of  the  Metropolitan 
Water  Board  at  the  Chestnut  Hill  Reservoir,  Brighton,  Mass.    Attendance.  27. 

May  17,  1899. — To  the  Charles  River  Speedway  of  the  Metropolitan 
Park  Commission,  Brighton,  Mass.     Attendance.  22. 

June  21,  1899. — To  the  New  England  Gas  &  Coke  Company's  works  at 
Everett,  Mass.     Attendance,  60. 

July  19,  1899. — To  the  Scherzer  Patent  Rolling  Lift  Bridge  carrying 
the  tracks  of  the  New  York,  New  Haven  and  Hartford  Railroad  over  Fort 
Point  Channel ;  the  city's  Summer  Street  Bridge  over  Fort  Point  Channel ; 
and  the  chocolate  factory  of  the  Walter  M.  Lowney  Co..  all  located  in  Bos- 
ton.    Attendance,  90. 

August  2^,  1899. — A  harbor  trip  to  the  Harbor  and  Land  Commission- 
er's new  State  dock  at  South  Boston;  the  city  sewage  pumping  station  and 
the  New  England  Sanitary  Product  Company's  garbage  disposal  plant  at 
Cow  Pasture;  the  new  city  sewage  storage  basins  at  Moon  Island,  and  the 
pumping  station  of  the  Metropolitan  Sewerage  Commission  at  Deer  Island. 
Attendance,  60. 

October  21,  1899. — To  the  new  pumping  station,  gate  house,  dikes, 
stripping  and  grading  work  of  the  Metropolitan  Water  Board  at  Spot  Pond, 
and  at  the  high  service  reservoir  in  Middlesex  Fells.     Attendance,  45. 
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November  15,  1899. — To  the  pumping  station  and  chemical  precipita- 
tion sewerage  plant  of  the  city  of  Providence  at  Fields  Point,  and  the 
Providence  Gas  Company's  gas  pipe  river  crossing  under  the  Seekonk 
River.     Attendance,  36. 

December  20,  1899. — To  the  city  of  Boston's  Summer  Street  Bridge 
over  Fort  Point  Channel,  and  the  Summer  Street  Extension  bulkheads: 
the  abolition  of  grade  crossings  through  the  freight  terminals  of  the  New 
York,  New  Haven  and  Hartford  Railroad  at  Summer  street ;  Lawley's  ship- 
building yard,  in  South  Boston;  and  the  Boston  Electric  Light  Company's 
plant  at  the  L  Street  Power  Station.  South  Boston.     Attendance,  40. 

January  10,  1900. — In  the  evening,  to  the  viaduct  of  the  Boston  Elevated 
Railway  Company,  under  construction  along  Washington  street,  Roxbury. 
Attendance,  126. 

March  21,  1900. — To  the  Engineering  Laboratories  and  Civil  Engineer- 
ing Department  of  the  Massachusetts  Institute  of  Technology.     Attendance, 

44- 

The  total  attendance  upon  these  excursions  amounted,  therefore,  to 
550,  or  50  less  than  the  600  of  last  year.  These  figures  indicate,  however, 
an  encouraging  and  growing  general  interest  in  the  excursions  to  view  con- 
struction work,  if  it  be  borne  in  mind  that  of  the  600  members  participating 
last  year,  230  were  numbered  on  one  excursion,  that  to  Fort  Independence  to 
witness  the  explosion  of  two  defective  mines  in  the  harbor. 

Your  committee's  report  would  not  be  complete  without  reference  at 
least  to  the  excursions  planned  in  conjunction  with  the  Board  of  Govern- 
ment for  the  members  of  the  Canadian  Society  of  Civil  Engineers  on  the 
occasion  of  their  recent  convention  in  Boston,  in  which  excursions  some  of 
our  members  participated  as  hosts  and  guides. 

Sixty  of  the  members  of  the  Canadian  Society  of  Civil  Engineers  came 
to  Boston.  The  excursion  parties  usually  numbered  from  fifty  to  seventy- 
five,  though  in  some  cases  small  parties  of  five,  ten  or  fifteen  made  trips 
other  than  the  regular  excursions  planned  for  the  Society.  The  following 
list  constitutes  the  general  excursions  made: 

February  i,  1900. — To  the  Massachusetts  Institute  of  Technology;  the 
Back  Bay  Station  of  the  New  York,  New  Haven  and  Hartford  Railroad  and 
the  South  Terminal  Station,  plant,  yard,  bridges,  etc. ;  the  Summer  Street 
Extension  Bridge  over  Fort  Point  Channel,  and  through  the  entire  subway. 

February  2,  1900. — To  the  New  England  Gas  and  Coke  Company's 
works,  at  Everett;  the  construction  work  of  the  Boston  Elevated  Railway 
Company  at  Washington  and  Dudley  streets;  through  Brookline  to  the 
Chestnut  Hill  Reservoir  and  Pumping  Station,  and  the  Brookline  Natatorium. 

February  3,  1900. — To  the  Boston  Public  Library;  the  Lawrence  Ex- 
periment Station  of  the  Massachusetts  State  Board  of  Health;  the  Brock- 
ton Filter  Beds  and  Pumping  Station,  and  Harvard  University. 

The  Excursion  Committee's  Treasurer  reports  a  cash  balance  of  $20.66 
in  the  hands  of  your  committee. 

Respectfully  submitted, 

Henry  F.  Bryant,  Chairman, 
■•  ■  Leonard  Metcalf,  Secy,  and  Treas., 

Charles  W.  Sherman, 
Arthur  B.  Corthell, 
Daniel  L.  Turner, 

Committee  on  Excursions. 
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Report  of  Com.mittek  on  the  Library. 

Boston,  March  21,  1900. 
To  tlic  Boston  Society  of  Civil  Engineers: 

In  presenting  this  brief  report,  the  Committee  on  the  Library  regrets  the 
absence  of  Mr.  A.  D.  Fuller,  who  was  Librarian  from  May,  1899,  to  January, 
1900.  While  Librarian,  Mr.  Fuller  devoted  a  large  amount  of  time  to  the 
library  and  carried  on  the  good  work  of  his  predecessors.  It  was  hoped 
that  he  might  find  time  to  prepare  this  report  before  leaving  for  Paris 
to  take  up  his  work  in  connection  with  the  Exposition.  In  his  absence  we 
submit  the  following  brief  statement  in  relation  to  the  library: 

Since  the  last  annual  meeting  of  the  Society  there  have  been  added 
to  the  library  621  titles.  Of  this  number,  363  are  pamphlets  and  paper- 
covered  reports,  and  258  are  bound  volumes;  21  volumes  of  standard  en- 
gineering books  have  been  purchased  from  the  appropriation  made  by  the 
Society,  69  volumes  of  periodicals  and  reports  have  been  bound  and  the 
remainder  are  gifts  and  exchanges.  The  Society  has  received  a  larger 
number  of  gifts  for  the  library  this  year  than  in  any  previous  year.  From  the 
estate  of  Thomas  Doane,  several  hundred  reports  and  pamphlets  have 
been  received  which  have  not  been  catalogued  as  yet.  During  the  year 
a  new  bookcase  has  been  built,  adding  about  50  feet  of  shelf  room  to  the 
library,  and  the  periodical  rack  has  been  raised,  furnishing  greater  space  for 
the  accommodation  of  the  readers. 

One  hundred  and  thirty  books  have  been  borrowed  from  the  library  by 
members  for  home  use  and  fines  have  been  incurred  for  keeping  books  over- 
time, to  the  amount  of  89  cents,  which  has  been  turned  over  to  the  Treasurer. 

From  the  sale  of  a  very  few  of  the  duplicate  copies  of  periodicals  belong- 
ing to  the  Society  the  sum  of  $3.20  has  been  received,  which  has  also  been 
paid  to  the  Treasurer. 

Your  committee  feels  that  as  the  work  of  the  Librarian  has  increased 
materially  during  the  past  few  years,  an  appropriation  should  be  made  by 
the  Society  to  enable  him  to  employ  sufficient  clerical  assistance  to  do  the 
work  necessary  to  keeping  the  library  catalogued  up  to  date. 

Respectfully  submitted. 

F.    P.     McKlBBEN, 

Frederic  H.  Fay, 
Caleb  Mills  Saville, 

Committee  on  the  Library. 


Louisiana   Ens-inecriiij;-  Society. 


New  Orleans,  Saturday,  January  13,  1900. — The  annual  meeting  of 
the  Louisiana  Engineering  Society  was  called  to  order  by  President  Ray- 
mond at  8.20  P.M.,  with  eighteen  members  and  two  guests  present. 

The  minutes  of  the  last  meeting  were  read  and  approved.  The  minutes 
of  the  Board  of  Direction  were  then  read  and  ordered  filed.  Tlicn  fol- 
lowed the  reports  of  the  Secretary,  Treasurer,  Librarian,  Chairman  of  the 
House  Committee  and  Chairman  of  the  Library  Committee,  all  of  which 
were  received  and  ordered  filed. 

Under  the  head  of  Technical  Exercises,  President  Raymond  read  his 
annual  address,  which  was  a  masterly  treatment  of  the  part  that  the  en- 
gineer has  taken  in  the  development  of  the  State  of  Louisiana.     Mr.  Ray- 
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mond  was  given  a  rising  vote  of  thanks  by  the  Society  for  having  con- 
tributed such  a  carefully  prepared  and  valuable  paper. 

Mr.  Malochee  offered  the  following  amendments  to  the  Constitution, 
Article  II,  Section  i,  add  the  following:  "Associate  members  shall  have  the 
right  to  vote";  Article  VII,  strike  out  in  the  first  sentence  the  following: 
"which  shall  be  confined  to  members,"  and  add  the  new  clause:  "The 
right  of  voting  shall  be  exercised  by  ail  members  and  associate  members, 
and  that  of  holding  office  shall  be  confined  to  members  only."  Received 
and  ordered  acted  upon  at  future  meetings. 

The  ballots  upon  the  application  of  Mr.  Alfred  Raymond  were  then 
opened  and  canvassed,  and  resulted  in  his  unanimous  election  to  resident 
membership,  thirteen  votes  being  cast. 

The  balloting  for  the  officers  for  1900  was  then  declared  in  order,  and 
the  result  was  as  follows: 

President — Henry  J.  Malochee. 

Vice-President — Alfred  F.  Theard. 

Secretary — Gervais  Lombard. 

Treasurer — Walter  H.  Hoffman. 

Director — T.    H.   Tutwiler. 

Representative  on  Board  of  Managers  of  Engineering  Societies — Thos. 
L.  Raymond. 

Notice  was  ordered  given  for  the  election  of  a  Director,  vice  Henry  J. 
Malochee,  whose  election  to  the  Presidency  necessitated  his  resignation  as 
Director.     His  term  still  had  two  years  to  run. 

After  a  few  remarks  by  the  new  President,  Mr.  Malochee,  during  which 
he  outlined  a  policy  for  the  new  administration,  Mr.  Lombard  was  re- 
quested to  take  the  Secretary's  chair.  The  new  Treasurer,  Mr.  Hoffman, 
was  not  present. 

The  meeting  adjourned  at  10  p.m.,  and  refreshments  were  served  in 
honor  of  the  occasion. 

Gerv.\is  Lomb.\rd,  Secretary. 


The  new  Board  of  Direction  met  at  2  p.m.,  Saturday,  January  20,  with 
President  Malochee  in  tlie  chair,  and  the  following  members  present: 
Messrs.  Theard,  Hoffman,  Lombard,  Kerr  and  Tutwiler.  Messrs.  T.  L. 
Raymond  and  J.  F.  Coleman  were  present  by  invitation. 

A  motion  was  put  and  carried  directing  the  Secretary  to  notify  de- 
linquent members  that  according  to  Article  IX  of  the  By-laws  they  were 
suspended  for  non-payment  of  dues;  but  by  forwarding  to  the  Secretary 
the  amounts  of  their  indebtedness  before  the  next  meeting  of  the  Board 
of  Direction,  say  fifteen  days,  the  said  board  will  take  pleasure  in  rein- 
stating them  in  accordance  with  the  discretionary  power  placed  with  them 
by  said  Article  IX. 

A  motion  was  passed  fixing  the  Saturday  preceding  the  regular  meet- 
ing of  the  Society  as  the  regular  monthly  meeting  day  of  the  Board  of 
Direction,  at  i  p.m. 

President  Malochee  appointed  Mr.  F.  M.  Kerr  Chairman,  and  Messrs. 
T.  H.  Tutwiler  and  the  unelected  Director,  members  of  the  Auditing  Com- 
mittee. President  Malochee  then  appointed  Mr.  J.  W.  Armstrong  Chair- 
man of  the  Library  Committee,  and  Mr.  Alfred  F.  Theard  Chairman  of 
the  House  Committee,  the  balance  of  the  last  two  committees  to  be  ap- 
pointed at  the  next  meeting. 
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A  motion  was  passed  whereby  the  following  members  were  to  be  re- 
•quested  to  read  papers  before  the  Society: 

Maj.  B.  M.  Harrod  on  "Shell  Formation." 

Mr.  Haugh  on  "Pile  Driving  and  Creosoting." 

Mr.  W.  B.  Wright  on  "Drainage  of  the  Valley  and  of  the  City  of 
^lexico." 

Prof.  J.  M.  Ordway  on  ''Water  Supply  of  New  Orleans." 

Alfred  Raymond  on  "Electrical  Features  of  the  New  Orleans  Drainage 
System." 

Benjamin  Andrews,  Jr.,  on  "Irrigation  Pumps  and  Artesian  Wells." 

Maj.  H.  B.  Richardson  upon  some  subject  to  be  chosen  later  by  himself. 

Three  applicants  were  approved  by  the  Board  of  Direction  and  a  pre- 
liminary list  ordered  sent  out.  The  Secretary  was  ordered  to  have  special 
envelopes  prepared  for  the  use  of  members  in  balloting. 

The  bill  of  H.  C.  Ramos  for  refreshments  at  the  annual  meeting, 
amounting  to  $7.50,  was  ordered  paid. 

The  recommendation  of  the  previous  Board  of  Direction  in  regard 
to  binding  the  back  numbers  of  the  magazines  on  hand,  and  in  regard  to 
buying  another  bookcase,  were  approved  and  ordered  carried  out. 

A  communication  from  the  Engineering  Association  of  the  South,  in- 
viting our  Society  to  join  their  Association  as  a  chapter,  was  read  and 
referred  to  President  Malochee  for  investigation  and  a  report. 

A  motion  was  carried  reinstating  Mr.   Paul  Andry,  who  had  resigned. 

The  meeting  adjourned  at  4.30  p.m. 

Gervais  Lombard,  Secretary. 


The  Board  of  Direction  held  its  regular  monthlv  meeting  at  i  p.m., 
February  10,  1900,  with  President  Malochee  in  the  chair,  and  the  following 
members  present:  Messrs.  Theard,  Hoffman,  Tutwiler  and  Lombard.  Ab- 
sent, Mr.  Kerr. 

After  reading  and  approving  the  minutes  of  the  previous  meeting,  a 
motion  was  carried  approving  the  action  of  Chairman  Theard,  of  the  House 
Committee,  in  purchasing  new  curtains,  poles,  shades,  etc.,  for  the  windows 
and  approving  the  bills  for  the  same. 

A  motion  was  put  and  carried  whereby  the  Citizens'  Bank  was  selected 
as  the  official  depository  of  the  Society. 

A  motion  was  then  carried  directing  the  Secretary  to  order  a  letter  bal- 
lot upon  the  applicants  whose  names  were  sent  out  on  the  preliminary  list 
of  February  i. 

By  a  resolution  Messrs.  A.  L.  Black  and  W.  C.  Kirkland  were  rein- 
stated as  resident  members,  and  Mr.  Geo.  Blanchin  was  reinstated  as  asso- 
ciate member.  Eight  applications  were  read  and  the  Secretary  ordered  to 
send  out  a  preliminary  list  of  the  same.  A  communication  was  then  read 
from  Prof.  Jno.  M.  Ordway,  in  which  he  accepted  the  invitation  to  read  a 
paper  upon  "The  Water  Supply  of  the  City  of  New  Orleans."  A  motion 
was  passed  directing  the  Secretary  to  arrange  for  the  use  of  a  toilet  stand 

for  the  rooms.     The  meeting  adjourned. 

Gervais  Lombard,  Secretary. 


Regular  Monthly  Meeting,  February  12,  1900. — The  regular  monthly 
meeting  of  the  Society  was  called  to  order  by  President  Malochee  at  8 
o'clock,  with  seventeen  members  and  one  guest  present. 
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The  minutes  of  the  previous  meeting  of  the  Society  were  read  and 
approved.  The  minutes  of  the  last  two  meetings  of  the  Board  of  Direction 
were  read  and  ordered  filed. 

A  communication  from  Mr.  Arsene  Perrilliat,  in  which  he  regretted 
that  his  absence  from  the  city  would  prevent  him  from  leading  ofif  in  the 
"Informal  Discussion,"  was  read  and  ordered  received. 

Under  the  head  of  Reports  of  Officers,  the  reports  of  the  Secretary  and 
of  the  Treasurer  were  read.  The  Chairman  of  the  House  Committee  made 
a  verbal  report,  sa^'^ing  that  what  he  had  to  report  was  plainly  to  be  seen 
by  glancing  around  the  rooms.  He  had  called  upon  the  landlord  to  make 
numerous  repairs  which  were  necessary,  and,  as  could  be  seen,  the  entire 
woodwork  on  the  interior  of  the  rooms  had  been  freshly  painted  and  the 
plastering  repaired,  without  cost  to  the  Society;  but  the  new  curtains, 
shades,  poles,  etc.,  had  been  purchased  by  the  Society.  Altogether,  the 
rooms  had  been  transformed  into  a  cosy,  clean,  bright,  comfortable  and  at- 
tractive place.  The  various  reports  were  approved,  with  the  exception  of 
that  of  the  Treasurer,  which  was  referred  to  the  Auditing  Committee  for 
correction. 

The  election  of  a  Director,  vice  H.  J.  Malochee,  was  then  proceeded 
with,  and  Mr.  E.  D.  Ivy  being  the  only  nominee,  the  Secretary  was  in- 
structed to  cast  the  vote,  thus  unanimously  electing  Mr.  Ivy  as  Director; 
his  term  to  be  two  years.  The  amendment  to  the  Constitution  changing 
it  so  as  to  permit  associate  members  to  vote,  and  which  was  mentioned  in 
the  notices  of  the  meeting,  was  then  called  up  for  consideration  and  ballot. 
After  due  consideration,  a  vote  was  taken  and  the  amendment  lost. 

As  neither  Mr.  Perrilliat  nor  Mr.  Hardee,  who  were  to  have  opened  the 
informal  discussion  on  "Building  Levees  by  Machinery,"  was  present,  Mr. 
S.  F.  Lewis,  one  of  the  State  Engineers,  was  requested  to  lead  ofif.  He  did 
so  in  a  very  lucid  and  able  manner  and  was  followed  by  others.  The  in- 
formal discussion  was  altogether  a  success,  a  noticeable  feature  being  the  par- 
ticipation of  associate  members. 

The  Chair  then  announced  that  the  technical  exercises  for  the  next 
meeting  would  consist  of  a  paper  by  Mr.  W.  B.  Wright,  Assistant  En- 
gineer of  the  New  Orleans  Drainage  Commission,  on  "The  Drainage  of  the 
Valley  and  of  the  City  of  Mexico."  He  further  announced  that  Prof.  Ord 
way  would  read  a  paper  at  the  .\pril  meeting  on  "Water  Supply  of  New  Or- 
leans." 

A  motion  was  passed  authorizing  the  President  to  appoint  a  Committee 
on  Legislation.     The  meeting  adjourned  at  10.20  p.m. 

Gervais  Lomb.'^rd,  Secretary. 


The  Board  of  Direction  was  called  to  order  at  i  p.m.,  March  3,  1900, 
by  Vice-President  Theard,  with  the  following  memb^'s  present:  Messrs. 
Hofifman,  Kerr  and  E.  D.  Ivy.     Absent,  Messrs.  Tutwiler  and  Malochee.  , 

The  meeting  was  specially  called  for  the  purpose  of  opening  the 
ballots  upon  the  following  applicants:  For  resident  membership — Ernest 
Lee  Jahncke,  Richard  T.  Bond,  S.  Denis  J.  Villere,  W.  M.  White,  Will  J. 
Gibbens.  For  associate  membership — E.  A.  Grasser,  Jos.  E.  Manning,  Sid- 
ney A.  Calongne.  All  of  the  above  were  elected  unanimously.  Twenty- 
five  ballots  were  cast,  showing  the  success  of  inclosing  the  members  special 
balloting  envelopes. 
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A  motion  was  passed  reinstating  Mr.  Jno.  A.  Fox  for  the  purpose  of 
permitting  him  to  pay  up  his  dues  and  resign  for  1900.  His  resignation 
was  then  accepted.  By  a  motion,  the  Secretary  was  authorized  to  pay  out 
of  petty  cash  all  approved  bills  not  amounting  to  more  than  two  dollars. 

A  motion  was  passed  instructing  the  Secretary  to  issue  the  new  list 
of  applicants  for  ballot  on  March  7.     Meeting  ;  djourned  at  1.30  p.m. 

Gervais  Lombard,  Secretary. 


The  Board  of  Direction  held  its  regular  monthly  meeting,  March  10, 
1900,  which  was  called  to  order  at  i  p.m.  by  President  Malochee.  with  the 
following  members  present:  Messrs.  Hoffman,  Kerr,  Ivy,  Lombard  and 
Tutwiler     Absent,  Mr.  Theard. 

The  minutes  of  the  previous  meeting  were  read  and  approved.  The 
monthly  reports  of  the  Secretary  and  of  the  Treasurer  were  read  and  ap- 
proved. Chairman  Armstrong,  of  the  Library  Committee,  submitted  a  re- 
port which  was  read  and  discussed.  The  Committee's  recommendation  that 
forty-one  volumes,  a  list  of  which  was  enumerated,  be  bound,  was  ap- 
proved. Their  recommendation  that  the  Society  subscribe  to  the  Ameri- 
can Electrician  was  also  approved.  The  recommendation  that  the  subscrip- 
tion to  the  Army  and  Navy  be  discontinued  was  not  acted  upon  because  the 
subscription  was  already  prepaid  till  December,  1900.  Their  recommenda- 
tion for  cases  to  file  back  numbers  of  our  periodicals  when  bound  was  ap- 
proved, and  the  Chairman  of  the  House  and  the  Chairman  of  the  Library 
Committees  were  instructed  to  meet  and  call  for  estimates  or  bids,  which 
should  be  submitted  to  the  Board  of  Direction.  The  recommendation  that 
a  circular  letter  be  sent  to  the  various  manufacturers  inviting  them  to 
send  the  Society  and  its  members  catalogues,  etc.,  was  approved.  Their 
recommendation  that  the  attention  of  the  Society,  when  in  regular  session, 
be  drawn  to  specially  interesting  and  pertinent  articles  in  our  journals  and 
periodicals  was  approved,  and  the  Board  of  Direction  resolved  that  the 
Chairman  and  the  members  of  the  Library  Committee  be  requested  to  look 
over  said  periodicals  with  that  purpose  in  view,  and  to  announce  their 
findings  to  the  Society  at  the  regular  meetings  under  the  head  of  Tech- 
nical Exercises. 

Under  the  head  of  Communications  the  Secretary  read  favorable  re- 
plies from  the  newly  elected  members  and  associate  members,  and  regrets 
from  Mr.  Paul  Andry.  who  had  been  reinstated.  The  communication  from 
the  Engineering  Association  of  the  South,  relative  to  an  exchange  of  jour- 
nals, was  read  and  the  matter  was  referred  to  Mr.  T.  L.  Raymond,  the 
Representative  on  the  Board  of  Managers  of  the  Association  of  Engineer- 
ing Societies,  with  instructions  that  he  request  Mr.  Trautwine  to  place  the 
Association  of  the  South  on  their  exchange  list  and  also  to  send  this  Society 
a  subscription. 

The  communication  from  the  managers  of  the  Louisiana  State  Fair  was 
referred  to  the  Society  for  consideration. 

A  bill  from  Palfrey  Dameron  &  Co.  for  printing,  amounting  to  $4.25, 
was  approved.  The  Secretary  was  instructed  to  purchase  a  scrapbook,  in 
which  all  press  accounts  of  meetings,  notices,  etc.,  must  be  pasted.  In  this 
way  the  annual  report  of  the  Secretary  could  be  more  easily  and  interest- 
ingly prepared. 


50  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

In  order  to  simplify  the  method  of  paying  bills,  it  was  resolved  that 
bills  be  paid  but  once  a  month.  That  is,  that  all  bills  should  be  held  till 
the  regular  meeting  of  the  Board  of  Direction  for  approval. 

The  Secretary  was  instructed  by  resolution  to  have  a  new  list  of  mem- 
bers with  their  ofificial  titles,  addresses,  etc..  printed. 

The  matter  of  an  outing  to  Avery's  Island  Salt  Mines  was  suggested. 

Tiie  meeting  adjourned  at  2.30  p.m. 

Gerv.ms  Tomb.\rd,  Secretary. 


Regular  Monthly  Meeting,  March  12,  1900. — The  regular  monthly 
meeting  of  the  Society  was  called  to  order  at  8.15  p.m.  by  President  Malo- 
chee,  with  seventeen  members  and  two  guests  present. 

The  minutes  of  the  last  meeting  were  read  and  approved.  The  minutes 
of  the  Board  of  Direction  meetings  were  read  for  the  information  of  the 
Society. 

President  Malochee  announced  the  appointment  of  Mr.  A.  C.  Duval  and 
Mr.  R.  E.  DeBuys  as  members  of  the  House  Committee,  thus  completing 
said  committee,  Mr.  A.  F.  Theard  having  already  been  appointed  Chair 
man. 

The  communication  from  the  managers  of  the  Louisiana  State  Fair 
was  then  read  and  considered,  but  as  the  time  was  too  short  in  which  to 
secure  a  new  and  creditable  exhibit,  it  was  decided  not  to  make  any  ex- 
hibit this  season. 

Under  the  head  of  Technical  Exercises.  Mr.  W.  B.  Wright  read  a 
very  interesting  and  instructive  paper  upon  the  "Drainage  of  the  Valley  and 
of  the  City  of  Mexico."  By  unanimous  vote.  Mr.  Wright  received  the  thanks 
of  the  Society. 

President  Malochee  then  announced  the  following  appointments  upon 
the  Legislative  Committee:  Messrs.  J.  F.  Coleman,  Chairman;  W.  J. 
Hardee.  A.  C.  Bell.  Arsene  Perrilliat  and  Alfred  Raymond. 

The  meeting  adjourned  at  9.45  p.m. 

Gervais  Lombard,  Secretary. 


April  7.  1900. — The  regular  monthly  meeting  of  the  Board  of  Direction 
was  called  to  order  at  i  p.m.  by  Vice-President  Theard,  with  the  following 
members  present:  Messrs.  Tutwiler,  Kerr.  Theard,  Hoffman  and  Lombard. 
Absent,  Messrs.  Malochee  and  Ivy. 

The  minutes  of  the  two  previous  meetings  of  the  Board  of  Direction 
were  read  and  approved.  The  Secretary  and  the  Treasurer  both  submitted 
reports  or  statements  which  were  received  and  approved.  Secretary  Lom- 
bard made  a  verbal  report  stating  that  he  purchased  a  scrap  book,  as  di- 
rected, but  had  not  had  the  new  list  of  members  printed,  because  some  of 
the  recently  elected  members  had  not  yet  responded,  but  would  do  so  now 
without  delay. 

Chairman  Theard,  of  the  House  Committee,  reported  verbally  that 
the  Library  Committee  and  the  House  Committee  had  agreed  to  pur- 
chase the  Wernicke  system  of  bookcases  in  the  future,  and  had  ordered  such 
as  were  needed  immediately  at  a  cost  of  $19. 

Under  the  head  of  communications,  the  Secretary  read  a  number  of 
letters  as  follows:  A  letter  from  the  Civil  Engineers'  Club  of  Cincinnati, 
requesting  our  presence  at  their  20th  anniversary  and  reception,  which  was 
held  on  March  29th.     Ordered  received.     Letters  from  Jno.  F.  Richardson, 
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L.  W.  Brown  ami  Judge  Jno.  Clegg,  accepting  election  to  membership, 
and  one  from  Mr.  Eugene  Clapp  regretting  that  he  could  not  accept  elec- 
tion. A  postal  from  the  Kenion  Xews  Company,  stating  that  they  would 
shortly  ship  us  the  back  numbers  of  the  periodicals  we  wrote  for,  together 
■with  a  bill  for  same.  This  communication  was  referred  to  the  Library  Com- 
mittee. A  communication  from  Mr.  Chas.  H.  Davis,  a  civil  engineer  in  New 
York,  asking  for  information  in  regard  to  his  eligibility  to  membership  of 
our  Society,  the  dues,  initiation  fees,  etc.  The  Secretary  was  instructed  to 
send  him  the  requested  information.  A  communication  from  Mr.  G^o. 
\V.  Rafter,  member  of  American  Society  of  Civil  Engineers,  stating  that 
he  sent  by  express  a  package  containing  such  of  his  articles,  papers,  etc.. 
as  had  been  printed,  and  asking  us  to  accept  them  as  records  for  our 
library  if  we  felt  so  disposed.  The  Secretary  reported  that  the  package  had 
arrived,  and  the  letter  was  referred  to  the  Library  Committee  with  full 
power  to  act.  A  communication  from  the  Department  of  the  Interior,  U.  S. 
Geological  Survey,  stating  that  the  copies  of  the  report  upon  the  re- 
sources, etc.,  of  the  Island  of  Porto  Rico  were  ready  for  distribution,  and 
requesting  us  to  write  for  one  if  we  desired  it.  The  Secretary  was  in- 
structed to  write  on  for  one.  A  communication  from  Mr.  F.  T.  Llewellyn, 
■who  is  now  in  the  City  of  Mexico,  inclosing  a  long  newspaper  clipping  from 
the  Mexican  Herald  concerning  the  drainage  of  the  Valley  and  of  the  City  of 
Mexico,  which  has  just  been  inaugurated.  He  thought  it  might  serve  as  a 
basis  of  discussion  at  our  next  meeting,  if  Mr.  Wright  thought  it  added  any 
new  features  to  his  paper.  Received  and  filed.  A  communication  from  Mr. 
James  G.  Clark  asking  for  permission  to  hang  on  the  w'alls  of  our  rooms  a 
photograph  of  the  new  steel  frame  addition  being  erected  by  the  American 
Sugar  Refinery  Company.  Referred  to  the  Secretary  with  full  power  to 
act,  it  being  understood  that  we  could  not  accept  the  photograph  if  it 
was  in  the  shape  of  an  advertisement.  A  communication  from  the  Associa- 
tion of  Engineering  Societies  asking  for  information  in  regard  to  the  effect 
of  our  membership  to  their  Association  upon  our  exchange  list.  The 
action  of  the  Secretary,  who  had  answered  the  communication  saying  that 
so  far,  we  had  never  had  an  exchange  list  to  be  affected,  was  approved. 
A  communication  from  .sir.  Blanchin,  asking  for  a  transfer  from  associate 
membership  to  resident  membership.  The  Secretary  was  instructed  to 
place  his  name  on  the  next  preliminary  list  sent  out. 

A  bill  for  printing  by  Palfrey,  Dameron  &  Company,  amounting  to  $i.75- 
was  approved,  as  was  one  from  Jas.  E.  Gelston,  for  collecting,  amounting,  at 

ID  per  cent.,  to  $5.85. 

Gkrv.m.s  Lomb.xrd,  Secretarx. 


April  9,  1900. — The  regular  monthly  meeting  of  the  Louisiana  Engineer- 
ing Society  was  called  to  order  by  President  Malochee  at  8.15  p.m.,  with 
twenty-five  members  and  seven  guests  present. 

The  minutes  of  the  last  meeting  of  the  Society  were  read  and  ap- 
proved. The  minutes  of  the  last  two  meetings  of  the  Board  of  Direction 
were  read  for  the  information  of  the  Society. 

The  monthly  statements  of  the  Secretary  and  of  the  Treasurer  were 
read  and  approved.  President  Malochee  then  called  the  attention  of  the 
Society  to  its  flourishing  and  satisfactory  condition,  both  as  to  membership, 
interest,  and  financial  condition. 

The  Chairman  of  the  Legislative  Committee,  who  was  appointed  at 
the  last  meeting,  reported  progress,  and  urged  early  action  in  order  to  be 
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prepared  for  the  coming  session  of  the  State  Legislature.  Hereupon  Air. 
Theard  moved  that  the  committee  be  authorized  to  insert  in  the  official 
journal  of  the  State  a  notice  of  intention  to  apply  for  the  passage  of  a  law- 
regulating  the  professional  practice  m  this  State  of  the  various  engineer- 
ing branches.  Mr.  Coleman  offered  as  a  substitute  a  resolution  that  the 
President  of  the  Society  be  instructed  to  call  a  meeting  of  the  Society  in 
the  near  future  to  take  up  the  question  of  legislation  for  the  protection  of 
the  public  and  the  profession.  The  substitute  motion  was  put  and  carried, 
whereupon  President  Malochee  named  next  Monday  at  8  p.m.  as  the  time  for 
the  meeting. 

Two  written  notices  were  then  offered  by  Mr.  Theard,  to  be  sent  out 
with  the  notices  of  the  next  regular  meeting  of  the  Society.  The  first  was 
a  notice  of  intention  to  have  the  Society  indorse  the  following  resolution : 

Resolved,  By  the  Louisiana  Engineering  Society,  that  for  the  pur- 
pose of  maintaining  the  high  standing  of  our  profession,  we  hereby  con- 
demn any  usage  or  custom  by  which  engineers  are  invited  to  enter  into 
competition  by  submitting  bids  for  the  value  of  their  professional  ser- 
vices; be  it  further 

Resolved,  That,  in  our  opinion,  it  is  the  plain  duty  of  all  reputable  engi- 
neers, members  of  this  Society,  to  refuse,  in  the  future,  to  enter  any  such 
competition. 

Mr.  Theard's  second  notice  was  of  intention  to  change  the  Constitu- 
tion as  follows: 

"To  Article  II,  Section  3,  of  the  Constitution  add  'He  can  be  transferred 
to  the  grade  of  member  when  qualified  to  become  so  under  Section  2  of 
this  Article.'  " 

The  Secretary  was  instructed  to  include  the  notices  in  his  notice  of 
the  next  regular  meeting  of  the  Society. 

Under  the  head  of  Technical  Exercises,  Prof.  John  M.  Ordway  read 
a  paper  on  "Water  Supply  of  the  City  of  New  Orleans."  It  was  one  of 
the  most  valuable  papers  ever  read  before  the  Society.  He  showed  how 
the  deep-dyed  artesian  well  water  found  at  about  700  feet  beneath  our  city, 
the  muddy  old  Mississippi  River  water  which  flows  past  our  doors,  and, 
in  fact,  any  old  water,  could  be  made  clear  and  pure  by  means  of  settle- 
ment, chemicals  and  filters.  The  paper  was  accompanied  by  ocular  demon- 
strations and  experiments,  which  were  edifying  and  extremely  interesting. 
When  the  paper  and  experiments  were  concluded,  a  long  and  instruc- 
tive discussion  followed,  and  Prof.  Ordway  was  asked  many  questions. 

The  vote  of  thanks  from  the  Society,  which  Prof.  Ordway  received,  was 
unanimous. 

The  meeting  adjourned  at   10.30  p.m. 

Gervais  Lombard,  Secretary. 


April  16,  1900. — A  special  meeting  of  the  Society  to  consider  the  question 
of  legislation  was  called  to  order  by  President  Malochee  at  8.15  p.m.,  with 
the  following  members  present:  Theard,  Coleman,  WooUey,  Tutwiler, 
Wright,  Hardee,  Stewart,  Alfred  Raymond  and  G.  Lombard. 

Mr.  J.  F.  Coleman  read  a  very  concise  statement  of  the  present  status 
of  the  engineer,  both  professionally  and  legally,  in  this  State,  showing  that 
neither  the  public  nor  the  profession  are  in  any  way  protected  from  mal- 
practice by  incompetent  engineers,  architects,  etc.  Such  malpractice  en- 
dangered not  only  the  lives  and  the  welfare  of  the  public,  but  threw  dis- 
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credit  and  contumely  upon  the  profession,  which  state  of  affairs  he  felt  it 
is  the  duty  of  the  Society  to  correct.  Considerable  discussion  followed, 
and  though  some  expressed  the  opinion  that  it  was  not  good  policy  for 
the  Society,  as  a  Society,  to  urge  any  legislation  which  might  be  mistaken 
for  selfish  or  class  legislation,  it  was  the  consensus  of  opinion  that  some 
relief  was  necessary,  more  for  the  protection  of  the  public  than  for  the 
profession. 

The  following  resolution  was  submitted  by  Mr.  Theard  and  unanimous- 
ly adopted: 

Resolved,  That  the  Legislative  Committee  be  instructed  to  prepare  a 
written  report  suggesting  such  legislation  as  they  deemed  necessary  and  to 
have  printed,  if  necessary,  a  notice  of  intention  to  apply  to  the  State  Legisla- 
ture, at  its  coming  session,  for  the  passing  of  an  act  giving  the  protection 
sought.  It  being  understood  that  this  action  does  not  in  any  way  bind  the 
Society,  as  a  Society,  to  take  any  further  action. 

By  motion,  the  Secretary  was  directed  to  send  out  notices  for  a 
meeting  of  the  committee  on  Sunday,  April  21,  at  li  a.m.,  to  which  he  was  to 
invite  all  the  members  of  the  Society,  requesting  them  to  bring  written 
suggestions,  if  possible. 

Adjourned  at  9.05  p.m.  Gervais  Lombard,  Secretary. 


Engineers'  Club  of  St.  Louis. 


506TH  Meeting,  April  4,  1900. — The  meeting  was  called  to  order  at 
8.25  P.M.;  President  W.  S.  Chaplin  presiding.  Thirty-eight  members  and 
fourteen  visitors  were  present.  The  minutes  of  the  505th  meeting  were 
read  and  approved.  The  minutes  of  the  290th  meeting  of  the  Executive 
Committee  were  read. 

The  application  of  J.  E.  Angell  having  been  recommended  by  the 
Executive  Committee,  he  was  balloted  for  and  declared  elected. 

A  communication  was  read  from  the  Washington  University  Associa- 
tion, announcing  a  series  of  lectures  on  "Chemistry"  by  Prof.  E.  H.  Keiser, 
of  Washington  University. 

A  recommendation  from  the  Librarian  was  read  and  referred  to  the 
Executive  Committee  for  action. 

The  paper  of  the  evening  was  on  "The  Commercial  Value  of  Liquid 
Air,"  by  Mr.  Alfred  Siebert,  refrigerating  expert.  Mr.  Siebert  gave  a 
very  scientific  review  of  the  possibilities  and  limitations  of  liquid  air.  By 
mathematical  demonstration  he  showed  that  we  may  never  hope  to  use 
liquid  air  in  the  manufacture  of  ice,  as  the  expense  of  producing  one  ton 
of  ice  would  be  $40.  Although  liquid  air  itself  can  be  produced  at  fair 
figures,  its  application  to  motive  purposes  and  refrigeration  implies  such 
complicated  and  expensive  machinery  that  its  commercial  use  in  these  lines 
is  limited.  The  complication  of  machinery  is  necessary  because  of  such 
high  pressures  as  2500  pounds,  produced  by  a  series  of  compressions  followed 
by  a  cooling  after  each  stage.  The  two  types  of  machines  for  producing 
liquid  air  are  those  employed  by  Linde  and  Tripler,  all  others  being  modifi- 
cations of  one  or  the  other  form.  Prof.  Linde  uses  two  compressors  and  a 
regenerator,  with  three  distinct  coils  concentrically  arranged.  Tripler's 
arrangement  consists  of  three  compressors  and  one  regenerator,  with  two 
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concentric  coils.  At  high  pressure  only  22  per  cent,  of  the  total  amount 
of  air  handled  can  be  reduced  to  liquid  form,  and  if  produced  at  atmos- 
pheric pressure,  but  7  per  cent,  is  thus  utilized.  Above  220°  F.  liquid  air 
does  not  exist  in  fluid  form  and  rapidly  vaporizes.  Originally,  the  method 
of  transportation  consisted  in  using  a  double  glass  vessel,  the  air  being 
exhausted  from  the  annular  space  to  form  a  good  non-conductor.  The 
entire  vessel  was  well  insulated,  and  the  inner  bottle  corked  with  a  cotton 
stopper  to  act  as  a  safety  valve.  The  liquid  was  cooled  by  the  heat  ab- 
stracted when  part  of  it  vaporized.  Commercially  it  is  impracticable  to  use 
glass  vessels.  Wrought  iron  cans  are  made  for  this  purpose  consisting  of 
a  number  of  concentric  vessels  insulated  from  each  other  by  felt  and  a  small 
annular  air  space.  The  inner  vessel  contains  the  liquid,  and  the  concentric 
shells  are  so  constructed  that  communication  is  had  from  the  inner  vessel 
to  the  atmosphere,  making  it  possible  to  keep  the  liquid  air  under  atmos- 
pheric pressure,  and  utilizing  the  evaporation  and  circulation  through  the 
surrounding  cylinders  to  keep  the  inner  vessel  at  a  very  low  temperature. 
Such  vessels,  however,  lose  4  per  cent,  per  hour  of  their  charge,  which  ap- 
pears necessary  to  preserve  the  remainder,  thus  accounting  for  the  care- 
lessness which  might  be  wrongly  attributed  to  the  express  companies  in 
handling  the  article  during  transportation. 

The  discussion  following  was  participated  in  by  Messrs.  Nipher,  Kinealy 
and  Siebert. 

Prof.  Nipher  gave  an  interesting  blackboard  demonstration  of  the 
critical  points  traced  on  a  surface  expressing  volumes,  pressures  and  tem- 
peratures with  reference  to  gases  and  their  transformations. 

The  Club  adjourned  to  the  adjoining  room  for  a  light  lunch. 

F.  E.  B.\uscH,  Secretary. 


Detroit  Eiig-iiieering"  Society. 


At  a  meeting  of  the  Executive  Committee  at  the  office  of  Mr.  G.  Y. 
Wisner,  at  5  p.m.,  April  10,  the  menu  proposed  by  the  Secretary  was 
accepted  as  per  copy  attached,  and  the  Secretary  was  directed  to  make  a 
contract  with  the  Hotel  Ste.  Claire  as  per  schedule  of  prices  attached. 

Secretary  reported  cash  on  hand,  $276;  bills  payable,  $87.78;  leaving 
a  net  balance  in  cash  assets  of  $188.30. 

The  Secretary  reported  eight  members  in  arrears  for  dues  for  two 
years,  total  amounting  to  $80;  fifteen  members  in  arrears  for  dues  for 
one  year,  total  amounting  to  $71.50.  Secretary  was  directed  to  write  all 
those  in  arrears  for  dues,  requesting  payment  of  same  at  the  time  when 
bills  for  1900  and  1901  are  issued. 

The  following  bills  were  audited  and  ordered  paid: 

Richmond  &  Backus  Co.,  printing $1.00 

1-75 

Association  of  Engineering  Societies,  first  c|uarter]y  assessment 48.50 

Field  &  Hinchman,  postal  cards 2.20 

"  "  "  "     i.oo 

T.   H.  Hinchman,  Jr.,  Secretary's  salary,  four  months 33-33 

The  Secretary  was  directed  to  invite  Col.  C.  W.  Raymond,  Mr.  F. 
Hodgman  and  Mr.  H.  E.  Riggs  to  be  present  at  the  coming  banquet  of 
the  Societv. 
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The  Secretary  was  directed  to  acknowledge,  with  thanks,  the  copies  of 
the  Raikvay  Rcviczv  offered  by  the  publishers,  and  also  copies  of  the  various 
reports  and  papers  presented  by  Mr.  George  W.  Rafter.  Messrs.  E.  H. 
Wheeler  and  H.  L.  Woolfenden  were  passed  for  membership  by  the  Execu- 
tive Committee. 

T.  H.  HiNCHMAN,  Jr.,  Secretary. 

The  48th  regular  meeting  and  the  6th  annual  banquet  of  the  Detroit 
Engineering  Society  was  held  at  the  Hotel  St.  Claire,  April  20,  1900,  at  8.00 
P.M.,  the  business  meeting  preceding  the  banquet.  Messrs.  E.  S.  Wheeler 
and  H.  L.  Woolfenden  were  elected  to  membership.  The  reports  of  the 
Secretarj'  and  Treasurer  were  received  and  approved. 

The  officers  for  the  ensuing  year  were   elected  as  follows: 

President — Alexander  Dow. 

First  Vice-President — W'illard  Pope. 

Second  Vice-President — E.   E.   Haskell. 

Secretary   and   Treasurer — T.    H.    Hinchman,   Jr. 

The  following  gentlemen  were  present  at  the  banquet;  President  Keep 
acting  as  toastmaster:  Messrs.  Keep,  Dow,  Haskell,  Williams,  Sabin,  Col- 
burn.  Conant,  Whitaker,  Hubbell,  Russell,  McMath,  Brinkerhofif,  Pettee, 
Porter,  Colby,  Robinson,  Vantuyl,  Field,.  Collainore,  Fenkell,  Little,  Hinch- 
man, Dierkes,  Bigler,  E.  E.  Williams,  King,  Rathbone,  Scott,  Calder,  Dem- 
rick,  Reid,  McCrickett,  Woodard,  Raymond,  Howell,  Mattsson,  Molitor, 
Wheeler  and  Wisner.     Messrs.  Rathbone  and  Howell  were  guests. 

The  following  gentlemen  replied  to  toasts:  E.  S.  Wheeler,  "Destruction 
of  the  Harbor  at  Greytown";  G.  S.  W^illiams,  "The  Engineer  and  the 
Engineering  Society";  W.  S.  Russell,  "The  Unknown  Quantity";  H.  G. 
Field.   "Expansion";   W.   H.   Pettee,  "The   University  of  Michigan." 

The  meeting  adjourned  at  11.30. 

T.   H.   Hinchman,  Jr.,  Secretary. 


Eiiifineers'  Club  of  Cincinnati. 


113TH  Regular  Meeting,  Cincinnati,  Ohio,  March  15,  1900. — Dinner 
was  served  at  6.15  p.m.  The  regular  meeting  was  called  to  order  at  7.15 
P.M.;  with  President  Punshon  in  the  chair,  and  fourteen  members  present. 

Minutes  of  the  meeting  of  February  15  were  read  and  approved. 

The  Secretary  read  extracts  from  a  very  interesting  letter  from  Mr. 
W.  B.  Ruggles,  one  of  the  members  of  the  Club,  to  Mr.  R.  L.  Read.  Mr. 
Ruggles  is  at  present  connected  with  the  United  States  Government  work 
at  Matanzas,  Cuba,  and  his  letter  contained  information  in  reference  to  the 
work  of  improvement  being  carried  on  at  that  place. 

Mr.  R.  H.  Warder  read  the  paper  for  the  evening,  on  the  subject  "The 
Establishment  of  Public  Comfort  Stations,  Lavatories,  Small  Parks,  etc.," 
which  are  being  introduced  in  other  large  cities,  both  of  this  and  other 
countries.  The  paper  made  suggestions  for  such  conveniences  and  improve- 
ments within  the  city.  He  suggested  how  and  w^here  these  might  be  located 
and  established,  and  pointed  out  the  many  advantages  they  would  offer. 
Quite  an  interest  was  manifested  in  the  subject,  and  a  number  of  the  members 
shared  in  discussing  the  matter  and  aided  with  plans  outlined  in  the  paper. 

J.  F.  Wilson,  Secretary. 
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Technical  Society  of  the  Pacific  Coast. 


Regular  Meeting,  April  6,  1900. — Regular  meeting  called  to  order  at 
8.30  P.M.  by  President  Percy. 

The  minutes  of  the  last  regular  meeting  were  read  and  approved. 

The  following  applications  were  made  and  referred  to  the  Executive 
Committee  for  approval:  For  membership — Benjamin  C.  Donham,  civil 
engineer,  of  San  Francisco;  proposed  by  C.  E.  Grunsky,  G.  W.  Percy  and 
Adolf  Lietz.  For  associate  membership — Richard  McCann,  builder,  of  San 
Francisco;  proposed  by  A.  Ballantyne,  G.  W.  Percy  and  Otto  von  Geldern. 

President  Percy  read  a  paper  entitled  "The  Cement  Age,"  giving  a 
brief  history  of  the  origin,  development,  manufacture  and  uses  of  hydraulic 
cement,  which  was  followed  by  an  interesting  discussion. 

Adjourned. 

Otto  von  Geldern,  Secretary. 


Civil  Engineers'  Society  of  St.  Paul. 


St.  Paul,  Minn.,  April  2,  1900. — A  regular  meeting  of  the  Civil  En- 
gineers' Society  of  St.  Paul  was  held  at  8.30  p.m.  Ten  members  present. 
Minutes  of  previous  meeting  read  and  approved. 

Mr.  William  Danforth  was  elected  to  membership. 

Mr.  Oscar  Claussen  opened  a  discussion  on  "Municipal  Lighting"  by 
presenting  a  comparative  statement  in  detail  of  the  cost  of  maintenance  of 
the  plants  at  Chicago,  Detroit,  Allegheny  City  and  the  probable  cost  for 
St.  Paul,  having  first  in  a  general  way  outlined  the  various  systems  and 
recent  improvements. 

C.   L.   Annan,   Secretary. 
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Eiigrineers'   Society  of  AVestern  New   York. 


Buffalo.  N.  Y.,  jNIay  7.  1900. — Meeting  called  to  order  at  8.20  p.m.  ;  Mr. 
Haven,  President,  in  the  chair. 

The  following  members  present :  Messrs.  Haven,  Foster,  Fruauff,  Bar- 
dol,  Morse,  Buttolph,  March,  Sj-mons,  Tench,  Kielland,  Ricker,  Cornell, 
Diehl,  Guthrie,  Powell,  Knapp,  Tresise,  Tutton,  Knighton,  Rathman,  Rogers. 
Sikes,  and  several  visitors. 

Mr.  Tutton  moved  that  the  reading  of  the  minutes  of  the  last  regular 
meeting  be  dispensed  with,  and  that  the  minutes  stand  approved  as  printed. 
Seconded  by  Mr.  Guthrie.     Carried. 

Mr.  Morse  moved  that  the  order  of  business  be  suspended  for  the  pur- 
pose of  taking  up  the  literary  exercises  of  the  evening.  Seconded  by  Mr. 
Foster.     Carried. 

Dr.  T.  J.  Martin  was  introduced  to  the  Society  by  Mr.  Haven,  and  made 
an  address  on  automobiles. 

Mr.  Thomas  ^IcKeown,  Mem.  A.  S.  C.  E.,  discussed  the  subject  of 
siphons  as  applied  to  the  problem  of  the  Hamburg  Canal. 

A  unanimous  vote  of  thanks  of  the  Society  was  extended  to  ^Ir.  Mc- 
Keown  for  his  able  address  on  the  subject  of  siphons. 

^Iajor  Symons. — The  General  Government  is  going  to  get  up  as  many 
engineering  models,  maps,  figures,  etc.,  as  it  can  for  an  engineering  exhibit 
at  the  Pan-American  Exposition  in  this  city  in  1901.  It  occurs  to  me  that  it 
would  be  well  to  have  the  different  engineering  societies  in  the  country  inter- 
ested in  the  matter,  because  in  this  way  a  better  exhibit  could  be  obtained. 
This  Society  should  work  in  connection  with  the  Pan-.\nierican  officials,  the 
American  Society,  the  Mining  Engineers,  Mechanical  Engineers.  So  far 
as  the  expense  is  concerned,  I  think  the  Pan-American  officials  will  be  willing 
to  take  care  of  that. 

!Mr.  Haven. — I  certainly  agree  with  our  honorary  member  that  this  So- 
ciety ought  to  do  something. 

Mr.  Guthrie  moved  that  the  Executive  Committee  be  requested  to  take 
up  this  question  in  its  entirety,  and  to  take  such  steps  as  may  to  them  seem 
wise,  and  report  at  the  next  meeting. 
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Seconded  by  Mr.  Bardol. 

Mr.  jMorse. — I  would  move,  as  an  amendment  to  Mr.  Guthrie's  motion, 
ihat  a  special  committee  of  three  be  appointed  to  consider  the  question  and 
report  at  the  next  meeting. 

Mr.  Guthrie. — I  accept  that  as  an  amendment. 

Motion  as  amended  seconded  by  Mr.  Knapp.     Carried. 

The  President  appointed  the  following  committee :  Thomas  W.  Symons, 
Edmund  B.  Guthrie  and  E.  C.  Lufkin. 

jNIr.  Guthrie. — I  had  a  letter  from  Mr.  Green,  of  the  Cleveland  So- 
ciety, stating  that  they  were  coming  to  Niagara  Falls  on  Decoration  Day, 
and  asked  for  information  regarding  places  to  visit,  and  I  immediately  wrote 
l)ack  to  him  that  it  seemed  to  me  thej-  could  better  spend  a  day  or  two  in 
Buffalo  visiting  the  manufacturing  concerns  and  public  works.  I  bring  the 
matter  to  the  attention  of  the  Society  to  see  if  they  consider  it  proper  to  do 
anything.  I  think  this  Society  should  visit  places  about  Buffalo,  and  our 
own  harbor  works. 

]\Ir.  Ricker. — I  would  move  that  a  committee  of  three  be  appointed  to 
make  arrangements  for  the  visit  of  the  Cleveland  Society  on  May  30. 

Seconded  by  Mr.  Knapp.     Carried. 

The  Chair  appointed  the  following  gentlemen  as  that  committee:  Messrs. 
Ricker,  Guthrie  and  Tench. 

The  following  report  was  then  read  by  the  Secretary: 

Buffalo,  N.  Y.,  May  7,  1900. 
Engineers'  Society  of  Western  Nezv  York: 

Gentlemen: — Your  committee  of  five,  appointed  at  the  regular  meeting 
January  8,  1900,  "to  draft  amendments  to  the  Constitution  and  By-laws, 
and  report  at  the  regular  May  meeting  of  the  Society,"  report  as  follows, 
viz : 

"They  have  had  one  meeting,  at  which  four  members  were  present,  and 
the  Chairman  was  directed  to  proceed  and  get  up  a  Constitution  and  By-laws 
to  take  the  place  of  the  present  one.  In  accordance  therewith  he  read  the 
Constitution  and  By-laws  of  about  a  dozen  similar  societies,  and  by  means 
of  scissors  and  paste  prepared  something  for  this  Society.  This  he  has  sub- 
mitted to  each  of  the  other  members  of  the  committee  in  turn,  and  they  have 
approved  the  same,  with  the  exception  of  a  few  verbal  changes  which  he  has 
made.  The  committee,  therefore,  unanimously  submit  for  your  action  a  Con- 
stitution and  By-laws,  which  the  Secretary  will  now  read." 

W.   A.    H.WEN, 

Chas.  H.  Tutton, 

C.    M.   JNIORSE, 

Douglass  Cornell, 
F.  N.  Speyer. 

The  Constitution  and  By-laws  were  then  read  by  the  Secretary. 

Mr.  Guthrie. — I  would  move  that  the  Constitution  and  By-laws  as 
read  be  proposed  as  amendments. 

Seconded  by  Mr.  Knapp.     Carried  unanimously. 

The  President  said  that  two  copies  of  the  proposed  Constitution  and 
By-laws  would  be  in  the  room  of  the  Society,  975  Ellicott  Square,  and  all 
members  were  requested  to  read  them  so  as  to  vote  intelligently  at  the  meet- 
ing on  June  4,  when  final  action  will  be  taken. 

On  motion  of  Mr.  Morse,  the  meeting  adjourned,  at  10.50  p.m. 
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Ihjiiiiieeis'  Club  of  St.  J.,«niis. 


508TH  Meeting,  May  2,  1900.— The  meeting  was  called  to  order  at  8.15 
P.M.;  President  W.  S.  Chaplin  presiding.  Twenty-six  members  and  nine 
visitors  were  present.  The  minutes  of  the  507th  meeting  were  read  and  ap- 
proved. The  minutes  of  the  292d  meeting  of  the  Executive  Committee  were 
read. 

The  application  of  Harold  A.  Rohrich  having  been  recommended  by  the 
Executive  Committee,  he  was  balloted  for  and  declared  elected. 

The  Special  Committee  on  Rules  for  the  award  of  an  annual  prize  for 
the  best  paper  made  its  report,  which,  after  some  discussion,  participated  in 
by  a  number  of  members,  was  adopted  in  its  entirety. 

The  Executive  Committee  announced  its  acceptance  of  the  invitation 
from  the  Office  Men's  Club  to  hold  its  second  meeting  in  May  at  their  new- 
quarters,  the  subject  of  the  meeting  to  be  a  "Discussion  of  the  Question  of 
Water  Filtration."  It  was  decided  to  invite  the  Office  Men's  Club  in  return 
for  their  invitation.  It  was  also  moved  and  carried  that  the  Citizens'  Com- 
mittee, composed  of  representatives  chosen  from  the  various  commercial 
clubs,  be  invited  to  this  meeting,  and  participate  in  the  discussion. 

Communications  were  received  from  the  President  and  Secretary  of  the 
Civil  Engineers'  Society  of  France,  inviting  the  appointment  of  four  dele- 
gates from  the  Engineers'  Club  to  attend  the  reunion  of  the  Technical  and 
Learned  Societies  to  be  held  in  Paris  from  June  15  to  20,  on  the  occasion  of 
the  World's  Fair,  1900.  The  Chair  appointed  the  four  members  of  the  Club, 
who  will  fortunately  attend  the  Paris  Exposition,  delegates  to  the  conven- 
tion. The  four  appointments  go  to  Alessrs.  J.  A.  Ockerson.  G.  R.  Olshausen, 
Richard  McCulloch  and  Alwin  Hofmann. 

The  subject  of  the  evening  was  a  paper  on  "Some  Recent  Advances  in 
the  Construction  and  Use  of  Static  Alternating  Current  Transformers,"  by 
W.  A.  Layman. 

The  speaker  divided  all  static  alternating  current  transformers  into  three 
classes, — viz :  First,  the  "Constant  Potential,"  the  function  of  which  is  to 
transform  a  given  alternating  pressure  of  a  constant  value  into  another  also  of 
constant  value.  Second,  the  "Series  Transformers,"  used  to  derive  one  cur- 
rent from  another,  the  ratio  between  the  two  remaining  practically  constant, 
although  the  absolute  values  of  each  vary  through  wide  limits.  The  third 
type,  the  "Constant  Current  Transformer,"  the  application  of  which  is  to 
supply  a  secondary  current,  irrespective  of  the  primary  pressure. 

About  90  per  cent,  of  all  static  transformers  in  commercial  service  be- 
long to  the  "Constant  Potential  Type."  The  largest  units  ever  manufactured 
were  those  recently  installed  for  the  delivery  of  electric  current  from  the 
Niagara  Fall  generating  station  to  the  calcium  carbide  furnaces  of  the 
Union  Carbide  Company.  The  installation  exemplified  three  distinct  types 
of  manufacture  performing  the  following  functions : 

The  first  set,  built  by  the  Westinghouse  Electric  and  Manufacturing 
Company,  raises  the  2000-volt  current  generated  in  the  Niagara  Falls  station 
to  a  transmission  pressure  of  10,000  volts,  the  transformation  being  made 
from  two-phase  dynamo  currents  into  three-phase  transmission  currents. 

The  second  set,  installed  by  the  General  Electric  Company,  located  in  a 
sub-station,  at  the  Union  Carbide  Company's  plant,  two  miles  distant  from 
the  generating  station,  transforms  the  lo.ooo-volt  current  from  the  transmis- 
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sion  line  and  reduces  it  to  a  pressure  of  2000  volts,  at  which  pressure  all 
current  is  delivered  to  the  Union  Carbide  Company. 

The  third  set,  built  by  the  Wagner  Electric  Manufacturing  Company, 
consists  of  seven  (7)  units,  each  of  1500  K.  W.  capacity.  These  units  reduce 
the  2000-volt  current  received  from  the  General  Electric  Company's  trans- 
formers to  no  volts,  the  pressure  required  at  the  furnaces.  The  complete 
equipment  therefore  transforms  15,000  H.  P.  of  energy  by  three  operations. 
An  account  of  the  efficiencies  of  the  various  transformers  was  given,  and  the 
paper  throughout  was  illustrated  by  a  number  of  slides. 

The  meeting  adjourned  to  an  adjoining  room,  where  lunch  was  served. 

F.  E.  Bausch,  Secretary. 


Boston  Society  of  Civil  Engineers. 


Boston,  Mass.,  April  18,  1900. — A  regular  meeting  of  the  Boston 
Society  of  Civil  Engineers  was  held  at  Chipman  Hall,  Tremont  Temple, 
at  8  o'clock  P.M. ;  President  Alexis  H.  French  in  the  chair.  Forty-eight 
members  and  visitors  present. 

The  record  of  the  annual  meeting  and  that  of  the  special  meeting  of 
April  4  were  read  and  approved. 

Messrs.  Thomas  Clark  Atwood  and  George  Whiting  Wood  were 
elected  members  of  the  Society. 

The  Secretary  reported  for  the  Board  of  Government  that  it  had  voted  to 
continue  the  same  special  committees  as  last  year,  and  had  selected  the  mem- 
bership thereof  as  follows: 

Committee  on  Quarters — Desmond  FitzGerald,  E.  W.  Howe,  C.  F. 
Allen,  E.  W.  Bowditch  and  H.  Bissell. 

Committee  on  the  Library — L.  F.  Cutter,  F.  P.  McKibben,  F.  H.  Fay, 
A.  D.  Flinn  and  H.  F.  Bryant. 

Committee  on  Excursions — A.  B.  Corthell,  C.  W.  Sherman,  D.  L. 
Turner,  Sidney  Hosmer  and  J.  R.  Burke. 

The  thanks  of  the  Society  were  voted  to  the  Boston  Pneumatic  Transit 
Company,  to  the  Superintendent  of  Mails,  Boston  Post  Office,  and  to  Messrs. 
Westinghouse,  Church,  Kerr  &  Company,  for  courtesies  shown  the  members 
on  the  occasion  of  the  visit  this  afternoon  to  the  Union  Statioh  and  the  Post 
Office,  to  examine  the  pneumatic  carrier  system. 

Mr.  Leonard  Metcalf  then  read  the  paper  of  the  evening,  entitled 
"Difficulties  Encountered  in  Building  the  Storage  Well  for  the  Concord, 
Mass.,  Sewerage  System."  The  paper  was  fully  illustrated  by  lantern 
views.  In  the  discussion  which  followed,  Messrs.  F.  L.  Fuller,  F.  P. 
Stearns,  F.  C.  Coffin  and  L.  A.  Taylor  participated.  Mr.  Stearns  also 
discussed  the  well  which  has  been  built  at  Clinton  by  the  Metropolitan 
Water  Board. 

Adjourned.  S.    E.   Tinkham,   Secretary. 


Civil  Engineers'  Society  of  St.  Paul. 


St.  Paul,  Minn.,  May  7,  1900. — A  regular  meeting  of  the  Civil  Engi- 
neers' Society  of  St.  Paul  was  held  at  the  Windsor  Hotel  at  6  p.m.  Dinner 
over.  President  Powell  called  the  members  to  order,  and  Mr.  Geo.  L.  Wil- 
son read  a  paper  on  "Paving  Brick,"  after  which  the  nine  members  present 

discussed  pavements  in  p^eneral. 

C.  L.  Annan,  Secretary. 
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Tcclinirul  Society  of  tlu^  l*jicilic  Coast. 


Regular  Meeting,  May  4,  1900.— Called  to  order  at  8.30  p.m.,  by  Presi- 
dent Percy. 

The  minutes  of  the  last  regular  meeting  were  read  and  approved. 

The  following  were  elected  to  membership  upon  a  count  of  ballots : 

Benjamin  C.  Donham,  civil  engineer,  to  resident  membership,  and  Rich- 
ard McCann,  builder,  to  associate  membership. 

The  following  names  were  proposed: 

For  members — Stetson  G.  Hindes,  civil  engineer,  of  San  Francisco. 
Proposed  by  John  Richards,  Carl  Uhlig,  Thos.  Morrin  and  Otto  von  Gel- 
dern.  Charles  H.  Davis,  consulting  engineer,  of  New  York;  references  to 
be  furnished. 

Mr.  Percy  opened  a  discussion  on  the  subject  of  the  obstruction  of  side- 
walks, which  was  taken  up  by  a  number  of  those  present. 

The  Secretary  referred  to  the  recent  explosion  of  Shag  Rock  in  San 
Francisco  harbor,  explaining  in  general  terms  the  methods  applied,  and 
stating  the  results  of  the  blast  as  far  as  known. 

Adjourned. 

Otto  von  Geldern,  Secretary. 


Ensriueers'  Club  of  Cincinnati. 


114TH  Regular  Meeting,  Cincinnati,  Ohio,  April  19,  1900. — Dinner 
was  served  at  6.20  p.m. 

The  regular  meeting  was  called  to  order  at  7.45  p.m.;  with  President 
Punshon  in  the  chair  and  seventeen  members  present. 

Minutes  of  the  meeting  of  March  15  were  read  and  approved. 

The  Secretary  called  attention  to  the  fact  that  the  lease  of  the  rooms 
occupied  for  meeting  rooms  would  expire  with  the  end  of  the  year,  and  that 
the  matter  of  renewing  the  lease  or  making  other  arrangements  would  soon 
require  attention.     Referred  to  the  Executive  Board. 

Professor  Ward  Baldwin  read  the  paper  for  the  evening  on  "The  Con- 
struction of  the  Ssengerfest  Building  at  Cincinnati." 

The  roof  trusses  of  the  building  as  originally  constructed  each  con- 
sisted of  two  parallel  timber  arch  ribs  braced  with  iron  rods  and  wooden 
struts.  The  ribs  were  composed  of  i  x  lo-inch  boards  16  feet  long,  nailed 
together  with  lod.  nails,  the  thickness  of  ribs  varying  from  8  to  18  inches. 
The  ribs  were  supported  by  eighteen  posts,  ten  of  which  were  12  x  12 
inches,  and  eight  were  12  x  18  inches,  built  up  of  3  x  12-inch  planks,  bolted 
together  with  ^-inch  bolts  spaced  about  30  inches  on  centers. 

The  part  of  the  building  under  the  main  roof  was  oval  in  plan,  being 
138  X  194  feet.  In  the  middle  were  three  main  arches  of  138  feet  span, 
spaced  28  feet  on  centers.  These  three  main  arches  collapsed  on  May  10, 
1899,  while  the  building  was  under  construction,  and  as  the  first  concert  was 
to  be  held  on  June  28  not  much  time  was  allowed  in  which  to  decide  what  to 
do.  Professor  Baldwin  was  put  in  charge  with  instructions  to  spare  no  ex- 
pense to  make  the  building  safe,  and  have  it  completed  in  time. 

The  arches  were  found  to  be  so  badly  wrecked  that  it  was  decided  not 
to  attempt  to  repair  them,  but  to  substitute  an  entirely  new  plan  of  construc- 
tion.    This  was  done  by  making  the  new  arches  spring  from  the  masonry 
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pedestals  that  formed  the  foundations  for  the  main  supporting  posts  of  the 
old  arches.  The  outer  ribs  consist  of  the  main  supporting  posts  to  a  height 
of  68  feet  above  datum,  and  a  curved  rib  with  a  radius  of  97  feet  6  inches. 
The  inner  rib  is  a  broken  inclined  line  to  a  height  of  45  feet  10  inches  above 
datum,  continued  by  a  curve  of  48  feet  radius,  compounded  with  a  curve  of 
69  feet  radius  to  the  crown.  The  ribs  are  6  feet  between  centers  at  the 
crown,  16  fget  8  inches  at  the  hips,  and  meet  at  the  pedestal.  The  ribs  are 
built  up  of  2  X  14-inch  yellow  pine  boards,  and  vary  in  thickness  from 
12  X  14  inches  to  14  x  20  inches.  The  bracing  is  of  the  Howe  truss  style, 
and  the  construction  forms  practically  a  three-hinged  arch.  Two  steel 
girders  4  feet  2  inches  high,  10  feet  apart,  53  feet  4  inches  long,  terminating 
in  semicircular  girders  of  5  feet  radius,  transmit  the  thrust  between  the 
two  groups  of  end  arches. 

Many  other  improvements  and  changes  were  made  in  the  construction 
of  the  building,  and  by  the  energy  of  all  engaged  on  the  work,  and  a  large 
force  of  men,  the  building  was  just  finished  in  time  to  hold  the  first  concert 
on  June  29,  one  day  later  than  originally  intended. 

J.  F.  Wilson,  Secretary. 


Detroit  Engineering'  Society. 


The  49th  regular  meeting  of  the  Detroit  Engineering  Society  was  held 
at  the  Hotel  Ste.  Claire,  May  18,  1900,  at  8  p.m.  Messrs.  John  A.  Rathbone 
and  Ernest  Lunn  were  elected  to  membership,  and  Messrs.  E.  Cederstrom, 
of  the  Riverside  Iron  Works,  and  R.  B.  Green,  of  the  Solvay  Process  Com- 
pany, were  proposed  for  membership. 

The  papers  of  the  evening  were  "A  Study  in  Hydraulics,"  by  G.  H. 
Fenkell,  and  "Water  Consumption  and  Water  Meters,"  by  C.  W.  Hubbell. 
The  papers  were  generally  discussed. 

Adjourned  at  11.30  p.m.  T.  H.  Hinchman,  Jr.,  Secretary. 


At  a  meeting  of  the  Executive  Committee,  held  at  7.30  p.m.  at  the  Hotel 
Ste.  Claire,  at  which  were  present  the  President  and  the  Secretary,  the  follow- 
ing bills  were  audited : 

Association  of  Engineering  Societies $49.00 

Field  &  Hinchman    9-05 

The  resignation  of  W.  D.  Steele  and  S.  H.  Woodard  was  accepted.  The 
names  of  Messrs.  John  A.  Rathbone  and  Ernest  Lunn  were  passed  by  the 
committee. 

Adjourned  at  8  p.m.  T.  H.  Hinchman,  Jr.,  Secretary. 


Montana  Society  of  Engineers. 


A  REGULAR  meeting  of  the  Society  was  held  in  its  new  headquarters. 
Rooms  16  and  17  Tuttle  Block,  on  May  12,  at  8.30  p.m. 

President  Blackford  presided,  and  the  following  members  were  present : 
Messrs.  Macdonald,  Hobart,  Tower,  Flood,  Fitch,  Page,  Wilson,  Vail  and 
McArthur,  of  Butte,  and  Mr.  Geo.  T.  Wickes,  of  Helena.  Three  visitors 
were  present. 
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The  Secretary  was  instructed  to  tender  the  tlianks  of  the  Society  to  Hon. 
Mayor  and  City  Council,  and  the  Board  of  Library  Trustees  for  the  use  of  the 
.\rt  Room  in  Library  Building  for  meetings  during  the  past  year. 

The  feature  of  the  evening  was  the  discussion  on  "The  Relation  of  the 
Mining  Engineer  to  Mining  Litigation." 

Mr.  Geo.  T.  Wickes  opened  the  discussion  on  the  subject,  which  he 
treated  in  an  able  manner.  The  other  members  v/ho  spoke  were  Messrs.  Wil- 
son, Macdonald,  Tower,  Page  and  Vail.  The  visitors  being  called  upon,  Mr. 
John  W.  Cotter  responded  in  a  neat  speech. 

Adjourned.  R.  A.  Mc Arthur,  Secretary. 
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Engineers'  Club  of  Cincinnati. 


115TH  Regular  Meeting,  Cincinnati,  Ohio,  May  17,  1900. — Dinner  was 
served  at  6.30  p.m.  The  regular  meeting  was  called  to  order  at  7.20  p.m.  ;  with 
President  Punshon  in  the  chair  and  thirteen  members  and  three  visitors 
present. 

Minutes  of  the  meeting  of  April  19th  were  read  and  approved. 

Application  for  active  membership  was  presented  by  Frank  S.  Mitchell, 
engineer  for  R.  M.  Quigley  &  Co.,  contractors  for  the  construction  of  settling 
reservoirs  at  California,  Ohio,  for  the  water  works  for  the  city  of  Cincinnati. 

Mr.  J.  H.  Hilton,  chief  engineer  for  the  Bracket  Bridge  Co.,  entertained  the 
club  with  a  description  of  the  "Construction  and  Erection  of  the  Steel  Wire 
Cables  for  a  Suspension  Bridge  over  the  Ohio  River  at  Rochester,  Pa."  The 
bridge  referred  to  is  a  highway  bridge  over  the  Ohio  River  between  Rochester 
and  Monaca,  Pa.,  about  twenty  miles  below  Pittsburg.  The  main  span  is 
800  feet  long  between  towers ;  the  back  span  on  the  Monaca  side  being  400 
feet  long  from  the  tower  to  the  anchorage,  and  the  back  span  on  the  Rochester 
side  400  feet  long  to  a  steel  bent  supporting  the  cable  and  one  end  of  a  truss 
span,  at  the  same  elevation  as  the  anchorage  on  the  Monaca  side,  and  from  the 
steel  tower  to  the  anchorage  about  260  feet,  making  the  total  length  between 
anchorage  pins  about  1865  feet  and  the  cables  about  1900  feet  long.  They  are 
composed  of  seven  strands  each,  each  strand  having  288  wires  and  being 
about  2j/.  inches  in  diameter,  making  the  finished  diameter  about  7  inches. 

Mr.  Hilton,  who  was  charged  with  the  erection  of  the  cables  by  the 
bridge  company  which  he  represented  and  which  had  the  contract  for  the 
erection  of  the  entire  superstructure,  had  never  had  any  experience  in  that 
line  and  undertook  the  work  with  some  misgivings  as  to  his  ability  to  execute 
it.  However,  after  studying  the  subject  carefully,  he  laid  out  a  plan  of  opera- 
tions which  he  carried  out  successfully  and  had  the  cables  in  place  in  about 
four  months  after  beginning  work. 

Briefly  the  operation  was  as  follows :  He  found  the  wire  for  the  cables 
in  coils  on  cars  near  the  site  of  the  work,  and  his  first  move  was  to  get  it  un- 
loaded and  build  a  shed  for  a  workshop  at  a  point  back  from  the  river  on  the 
Monaca  side  a  distance  from  the  tower  about  equal  to  the  length  of  the  cables. 
The  wire  was  then  reeled  onto  six  large  drums  holding  about  fifteen  coils 
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each,  in  his  workshop,  the  end  of  the  wire  of  one  coil  being  brazed  to  the  end 
in  the  next  coil,  which  was  done  by  notching  the  ends,  lapping  them  about  an 
inch,  with  a  strip  of  copper  between  them,  and  heating  in  a  portable  furnace 
until  the  copper  melted  and  fused  with  the  wire. 

The  strands  for  the  cables  were  constructed  on  the  ground,  which  hap- 
pened to  be  a  level  street  leading  to  the  bridge.  Before  beginning  the  work 
of  making  the  strands  a  single  wire  was  placed  in  the  position  on  the  towers 
which  the  cables  would  occupy  in  the  structure,  and  allowed  to  take  its  natural 
position.  Points  were  marked  on  this  wire  for  the  ends  and  where  it  crossed 
the  towers,  after  which  it  was  hauled  back  and  used  as  a  guide  wire  by  which 
the  length  of  all  others  was  obtained.  Suitable  supports  were  placed  in  the 
ground  at  intervals  of  about  50  feet,  on  which  the  strands  rested  during 
construction.  Each  strand  virtually  consisted  of  a  single  wire,  the  wire  being 
drawn  off  the  drums  and  looped  over  a  pin  at  either  end,  the  required  tension 
being  secured  by  a  "tension  space"  where  the  wires  each  sagged  the  proper 
amount.  An  "erection  cable"  was  placed  in  position  a  short  distance  above 
the  location  for  the  cables,  resting  on  temporary  wooden  towers  placed  on 
top  of  the  permanent  steel  towers,  and  the  strands  drawn  over  into  place, 
suspended  from  trolleys  running  on  the  erection  cable,  and  connected  to  the 
anchorage  pins  at  each  end.  When  the  strands  were  all  in  position  and  the 
binding  wires  removed  the  individual  wires  fell  into  place  quite  accurately, 
after  which  the  cables  were  wrapped  around  with  wire  in  the  usual  manner 
by  a  special  machine  designed  and  furnished  by  the  company  that  rolled  the 
wire. 

Mr.  Hilton's  description,  which  was  mostly  extempore,  was  followed  by 
an  interesting  discussion  of  the  subject. 

On  motion,  the  club  adjourned.  J.  F.  Wilson,  Secretary. 


Ensiiieers'  Society  of  Western  IS^ew  York. 


Regular  Meeting,  June  4,  1900. — The  meeting  was  called  to  order  at 
8.30  P.M.,  in  the  Society  rooms,  975  Ellicott  Square,  by  the  President.  The 
following  named  members  were  present : 

Messrs.  Haven,  Diehl,  Tutton,  Vanderhoek,  Sikes,  Guthrie,  Speyer. 
Hoffman,  Kielland,  Wilson,  Buttolph,  Ricker  and  several  visitors. 

The  proceedings  of  the  last  regular  meeting  were  approved  as  printed. 

The  President  announced  that  the  Society  had  by  ballot  unanimously 
elected  Mr.  Cal  Rushton  Manbert  as  a  member.  The  President  called  the 
attention  of  the  Society  to  the  black-line  process  of  Mr.  Le  Clere,  of  Phila- 
delphia, for  reproducing  drawings  from  tracings,  specimens  of  which  were 
hung  on  the  walls  of  the  room.  Remarks  were  made  as  to  the  clearness  of 
these  prints  and  their  superiority  in  all  ways  to  blue  prints,  especially  in  legal 
proceedings. 

A  paper,  entitled  "The.  Water  Power  at  Holyoke,  Mass.."  prepared  by 
Mr.  Horatio  A.  Foster,  a  member  of  the  Society,  was  presented,  together 
with  wood  cuts  and  other  illustrations,  but  as  Mr.  Foster  was  unable  to  he 
present  at  the  meeting,  the  paper  was  received  and  read  by  title  only,  and 
ordered  to  be  printed  in  the  Journal,  .so  that  it  could  be  taken  up  and  dis- 
cussed at  a  future  meeting  when  Mr.  Foster  would  be  present. 

Mr.  Hoffman  presented  the  Society  a  boxful  of  beautiful  specimens  of 
zinc  and  lead  ores,  wiiich  he  had  recently  obtained  at  Joplin,  Mo.,  and  he  in- 
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structed  the  Society  in  a  general  way  about  the  ore  formations  in  that  dis- 
trict. On  motion  of  Mr.  Diehl,  seconded  by  Mr.  Guthrie,  the  Society  unani- 
mously voted  to  thank  Mr.  Hoffman  for  his  kindness  in  presenting  the  speci- 
mens and  for  his  explanation  of  the  mining  industry  of  Joplin.  The  ores 
were  received  and  placed  in  the  cabinet  of  the  Society. 

Mr.  Guthrie,  of  the  Committee  on  the  Pan-American  Exhibit,  then  made 
a  "progress  report,"  saying  that  the  committee  had  had  a  meeting  and  dis- 
cussed the  matter  with  Mr.  Buchanan,  Director-General  of  the  Pan-Ameri- 
can E.xposition  Company,  who  was  quite  enthusiastic  over  the  project,  and  as 
a  consequence  of  that  meeting  the  committee  had  sent  out  letters  through  the 
Pan-American  Company  to  about  thirty  societies,  but  that  they  were  unable  to 
get  the  address  of  any  societies  in  Mexico,  Central  or  South  America.  (If 
any  members  of  the  Society  know  of  such  addresses  the  committee  would  be 
pleased  to  have  them  send  such  to  Mr.  E.  B.  Guthrie,  836  Ellicott  Square.) 
That  owing  to  the  short  time  since  the  date  of  the  appointment  of  the  commit- 
tee only  a  few  replies  had  been  received  promising  co-operation,  but  replies 
had  been  received  from  others  expressing  enthusiasm  and  willingness  to  act  as 
soon  as  the  various  Societies  met.  It  was  voted  that  the  committee  should  be 
continued  and  to  report,  if  necessary,  during  the  summer  months,  to  the 
Executive  Committee.  G.  C.  Diehl,  Secretary. 


Engineers'  Clnb  of  St.  Louis. 


St.  Louis,  Mo.,  May  16,  1900. — The  meeting  was  called  to  order  at  8.30 
P.M.  at  the  Office  Men's  Club,  3022  Olive  street;  President  W.  S.  Chaplin 
presiding.  Nineteen  members  and  fourteen  visitors  were  present.  The 
minutes  of  the  508th  meeting  were  read  and  approved.  The  minutes  of  the 
293d  meeting  of  the  Executive  Committee  were  read. 

The  Office  Men's  Club  had  invited  the  Engineers'  Club  to  hold  this  meet- 
ing at  their  new  quarters.  The  Engineers'  Club  invited  all  the  representative 
Committees  on  Water  Filtration  chosen  by  the  various  commercial  clubs  to 
be  present  and  participate  in  the  general  discussion  of  the  question  of  "Water 
Filtration."  Unfortunately,  owing  to  a  rainy  evening,  and  the  condition  of 
the  railway  accommodations,  not  so  large  a  representation  was  had  as  might 
have  been  expected  under  favorable  circumstances.  Two  of  the  Engineers' 
Club  members  of  the  Committee  on  Water  Filtration  were  absent  from  the 
city,  so  that  the  responsible  duty  fell  upon  Prof.  Van  Ornum,  the  third  mem- 
ber, to  lead  the  discussion.  The  speaker  reviewed  the  entire  history  of  the 
movement,  which  originated  with  the  Engineers'  Club,  and  had  been  ably 
supported  by  all  the  important  commercial  clubs.  He  followed  the  efforts 
of  its  introduction  into  the  Municipal  Assembly,  and  the  defeat  of  the  bill 
providing  for  an  appropriation  to  erect  an  experimental  plant. 

Mr.  Colby  very  ably  presented  the  need  and  importance  of  immediate 
action  in  the  matter  of  filtration. 

Dr.  Homan  and  Mr.  Tully,  of  the  Architects'  Club,  also  voiced  strong 
sentiments  in  favor  of  such  measures  as  would  lead  to  a  proper  purification 
of  our  water.  Dr.  Homan,  by  way  of  comparison,  stated  that  typhoid  fever 
during  the  month  of  April  had  increased  eleven-fold  over  the  corresponding 
month  last  year. 

Mr.  Russell  gave  a  detailed  description  of  the  various  kinds  of  filters,  the 
difficuhies  encountered  by  other  large  cities  and  the  uncertainties  met  with 
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in  treating  different  waters,  making  it  highly  advisable  to  install  an  experi- 
mental plant  in  order  to  determine  the  most  efficient  method  of  handling  the 
water.  It  was  estimated  that  the  cost  of  a  filtration  plant  for  our  city  would 
be  between  $5,000,000  and  $6,000,000,  so  that  a  sum  of  $50,000  for  an  experi- 
mental plant  would  be  well  expended. 

The  members  from  the  Wednesday  Club  were  all  present  and  were  not 
backward  in  expressing  their  views.  As  no  formal  report  from  our  com- 
mittee was  expected,  the  meeting  adjourned. 

F.  E.  Bausch,  Secretary. 


Civil  Euariiieers'  Club  of  Cleveland. 


A  REGULAR  meeting  was  held  May  8;  President  Hopkinson  in  the  chair. 
Present,  twenty-nine  members  and  fourteen  visitors.  Minutes  of  April  meet- 
ings read  and  approved.  Mr.  Charles  Blackwell  was  elected  to  active 
membership.  Messrs.  Leon  J.  LePontois  and  Wm.  E.  Reed  appointed  dele- 
gates to  represent  the  Club  at  Paris  Exposition. 

Messrs.  J.  L.  Culley,  F.  C.  Osborn  and  A.  A.  Skeels  appointed  as  a 
Membership  Committee  for  the  year. 

Mr.  Charles  H.  Wright,  member  of  the  Club,  read  a  paper  entitled 
"Trusts  and  their  Relation  to  the  Engineer." 

Discussed  by  Messrs.  C.  H.  Benjamin,  Wm.  H.  Searles,  A.  E.  Brown, 
W.  L.  Cowles,  E.  E.  Boalt,  C.  H.  Wright,  F.  C.  Osborn  and  C.  W.  Hop- 
kinson. 

Adjourned  9.40  p.m.  to  light  lunch  served  in  Club  rooms. 

Arthur  A.  Skeels,  Secretary. 

A  SEMI-MONTHLY  meeting  was  held  May  22;  President  Hopkinson  in  the 
chair.  Present,  twentj'-six  members  and  thirteen  visitors.  After  a  short 
discussion  upon  "Excursion  to  Niagara  Falls"  it  was  moved  by  Prof.  C.  H. 
Benjamin,  Mr.  C.  O.  Palmer  second,  that  the  matter  be  left  to  the  individual 
members  to  act  as  they  saw  fit.     Carried. 

Mr.  Wm.  B.  Hanlon  then  read  the  paper  of  the  evening,  entitled  "The 
Mining  and  Handling  of  Coal." 

The  paper  was  illustrated  with  slides. 

Discussed  by  Messrs.  A.  H.  Porter,  Wm.  B.  Hanlon,  H.  L.  Olmstead, 
C.  W.  Hopkinson,  C.  O.  Palmer,  W.  B.  Bogardus,  W.  O.  Henderer,  W.  H. 
Burns  and  Wm.  H.  Searles. 

Adjourned  9.50  p.m.  to  light  lunch  served  in  Club  rooms. 

Arthur  A.  Skeels,  Secretary. 


Technical  Society  of  the  Pacific  Coast. 


Regular  Meeting,  San  Francisco,  June  i,  1900. — Called  to  order  at 
8.30  P.M.  by  President  Percy. 

The  minutes  of  the  last  regular  meeting  were  read  and  approved.  The 
following  were  elected  to  membership  upon  a  count  of  ballots :  Stetson  G. 
Hindes,  civil  engineer,  San  Francisco ;  Charles  H.  Davis,  civil  engineer,  New 
York. 

A  letter  was  read  from  the  Committee  of  the  Engineers'  Society  of 
Western  New  York,  calling  attention  to  the  proposed   Pan-American  Ex- 
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position,  to  be  held  in  Buflfalo  in  1901,  and  inviting  this  Society  to  participate 
in  whatever  engineering  or  technical  feature  may  be  proposed  or  carried  out 
on  such  an  occasion. 

The  communication  was  referred  to  the  Executive  Committee  for  an 
action  thereon. 

Mr.  Edgar  Kidwell,  Ph.D.,  addressed  the  Society  on  the  subject  of 
"Built-up  Wooden  Beams,"  illustrating  his  address  with  lantern  slides  pre- 
pared for  the  purpose.     A  discussion  followed. 

Upon  motion,  a  vote  of  thanks  was  passed  for  Dr.  Kidwell  for  his 
courtesy  in  preparing  his  interesting  data  for  the  Society. 

Adjourned. 

Otto  von  Geldern,  Secretary. 
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AUTOMOBILE  VEHICLES. 


By  Prof.  Louis  Derr,  Massachusetts  Institute  of  Technology. 


[Read  before  the  Boston  Society  of  Civil  Engineers  May  i6,  1900.*] 

Five  years  ago  there  were  not  thirty  practicable  automobile 
vehicles  in  the  world,  and  three  years  ago  this  number  would  have 
covered  those  in  the  United  States.  Up  to  September  i,  1899,  the 
capitalization  of  companies  formed  for  manufacturing  automobiles 
was  $406,945,000,  not  including  an  additional  million  for  the  manu- 
facture of  specialties  or  for  operating.  A  great  industry  has  been 
created  out  of  nothing,  resembling  in  rapidity  of  growth  the  electric 
railway,  and  without  a  doubt  destined  to  exert  as  important  an 
influence  on  transportation  interests. 

The  problem  confronting  the  automobile  builder  is  to  apply  to 
the  frame  of  a  road  vehicle  a  motor  of  sufficient  power  and  endur- 
ance, under  absolute  and  quick  control  and  free  from  liability  to 
accident  or  failure.  It  should  be  simple,  easy  of  repair  and  capable 
of  satisfactory  operation  without  technical  training  on  the  part  of 
the  driver.  Renewals  of  energy  should  be  readily  obtainable,  and 
at  a  moderate  cost.  But  the  attempt  to  solve,  even  approximately, 
the  problem  stated  in  these  requirements  is  a  matter  of  extreme 
difficulty,  and  a  complete  solution  cannot  yet  fairly  be  said  to  have 
been  found.  The  problem  has  been  approached  from  a  number  of 
sides,  and  the  purpose  of  this  paper  is  to  present  a  brief  discussion 
of  the  various  methods  by  which  vehicles  of  the  present  moment 
are  propelled. 

Existing  types  of  motive  power  may  be  classified  as  follows : 

♦Manuscript   received  June    13.    1900. — Secretary,   Ass'n   of  Eng.    Socs. 
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steam  engine.  The  shock  accompanying  the  explosion  requires  a 
more  substantial  construction  tlian  would  otherwise  be  necessary, 
and  the  high  speed  at  which  such  motors  must  be  run  to  develop 
sufficient  power  in  small  weights  renders  careful  balancing  impera- 
tive to  prevent  excessive  vibration.  In  small  sizes  the  cylinder  may 
be  kept  sufficiently  cool  by  providing  it  with  projecting  ribs  to  in- 
crease its  radiating  surface  (see  Fig.  2),  but  in  engines  of  over  4 
horse  power  a  water  jacket  is  necessary.  The  water  is  in  turn 
cooled  by  circulation  through  a  cooler  composed  of  ribbed  tubes 
and  exposed  to  a  draft  of  air. 


Fig.  2. 

The  original  open-flame  method  of  igniting  the  charge  has  been 
superseded  by  the  hot  tube  method,  and  this  in  turn  is  being  dis- 
placed by  the  electric  spark.  The  former  method  requires  a  tube 
of  nickel  or  other  refractory  material,  closed  at  the  outer  end  and 
heated  to  dull  redness  by  a  flame.  The  open  end  of  the  tube  com- 
municates with  the  cylinder,  and  the  heat  ignites  the  compressed 
charge.  This  has  proved  somewhat  unreliable,  and  at  present  most 
engines  are  ignited  by  an  electric  spark.  This  is  produced  by  an 
induction  coil  or  similar  apparatus,  the  spark  points  consisting  of  a 
pair  of  platinum  wires  projecting  through  an  insulating  plug  into 
the  cylinder. 

The  objections  to  the  explosion  motor  for  automobile  service 
are  its  complexity  and — thus  far  at  least — its  unreliability.  The 
latter  is  almost  wholly  due  to  the  ignition  apparatus,  and  it  is  inter- 
esting to  note  that  both  methods  of  ignition  are  now  used  on  French 
racing  carriages.     The  motor  is  not   self-starting,   and  a  special 
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starting  gear  must  he  proviilctl.  The  same  is  true  for  changing 
speeds  and  backing,  both  of  which  are  usually  accomplished  by  gear 
trains,  although  belt  transmission  is  also  used.  The  vibration  of 
the  engine  is  also  a  difficulty  not  easily  overcome.  Minor  causes 
for  criticism  are  the  loud  noise  of  the  exhaust,  even  when  a  muffler 
is  used,  and  the  odor  which  is  left  for  some  time  in  the  track  of  the 
machine.  On  the  other  hand,  the  speed  and  endurance  of  vehicles 
of  this  type  far  surpass  anything  that  has  as  yet  been  obtained  by 
other  constructions,  and  they  are  therefore  pre-eminently  fitted  for 
racing  and  long  runs.  A  tricycle  fitted  with  a  motor  of  this  type 
(see  Fig.  3)  has  covered  45  miles  within  the  hour,  portions  of  the 


Fig.  3. 


distance  at  speeds  greater  than  60  miles  per  hour;  and  the  limit 
seems  to  be  only  in  the  physical  endurance  of  the  rider  and  the 
heating  of  the  pneumatic  tires. 

As  might  be  expected  from  the  time  during  which  the  steam 
engine  has  been  a  practicable  prime  mover,  the  steam-driven  auto- 
mobile has  a  lengthy  history.  In  1769  Jean  Francis  Cugnot  built  a 
steam-propelled  gun  carriage,  using  an  internally  fired  kettle- 
shaped  boiler  and  an  engine  connected  to  the  driving  wheels  by  a 
ratchet  and  pawl  mechanism.  Development  was  very  slow,  how- 
ever, and  in  England  was  entirely  stopped  by  restrictive  legislation 
and  in  America  by  the  absence  of  good  roads.  The  removal  of 
legislative  restraints  in  the  one  country  and  the  appearance  of  satis- 
factory highways  in  the  other  have  greatly  stimulated  invention. and 
the  result  is  a  considerable  number  of  steam  vehicles  lx)th  for  light 
and  heavy  serv^ice. 
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The  steam  carriage  for  pleasure  may  be  best  discussed  by  de- 
scribing a  type  now  extensively  exploited  in  this  country  (see 
Fig.  4).  This  carriage  has  a  small  upright  fire  tube  boiler,  holding 
six  or  seven  gallons  of  water  and  weighing  about  100  pounds.  The 
fuel  is  gasoline,  stored  under  air  pressure  in  a  supply  tank.  After 
vaporization  by  passing  through  heated  tubes  it  is  blown  through  a 
burner,  taking  up  in  its  passage  air  enough  to  insure  proper  com- 
bustion. Automatic  arrangements  shut  down  the  fire  when  the 
steam  pressure  reaches  the  predetermined  limit.  The  engine  is 
double,  of  the  marine  type  and  is  connected  to  the  driving  wheels 
bv  a  chain  gear. 


Fig.  4. 

The  small  size  of  the  reciprocating  parts  renders  the  engine 
vibration  insignificant,  and  the  carriage  makes  but  little  noise.  A 
further  advantage  is  its  lightness,  a  carriage  for  two  persons  weigh- 
ing, when  fully  equipped,  only  about  600  pounds.  Its  endurance 
depends,  of  course,  on  the  size  of  the  fuel  and  water  tanks,  but  may 
be  set  as  20  or  30  miles  for  one  filling.  The  great  advantage  of 
motors  using  naphtha  or  gasoline  over  storage  batteries  is  that  a 
new  supply  requires  only  a  few  minutes'  time,  and  is  readily  obtain- 
able. Low  first  cost,  small  operating  expense  and  comparative 
simplicity  of  construction  are  further  items  that  have  contributed 
much  to  its  popularity. 

The  steam  carriage,  however,  is  by  no  means  free  from  objec- 
tions. In  starting  or  after  long  stops  time  is  required  to  raise 
steam,  and  on  the  road  a  considerable  fire  is  burning,  supplied  by  the 
most  inflammable  fuel  under  ])ressure.     This  is  a  source  of  possible 
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danger  that  sliould  not  be  t'Drgottcn.  Tlic  small  size  of  the  hcjiler 
and  its  very  great  steaming  capacity  make  a  frequent  mspection  of 
the  water-glass  an  essential  part  of  the  driver's  duties ;  and  in  gen- 
eral it  may  be  said  that  the  steam  carriage  requires  more  care  0.1 
the  road  than  any  of  the  types  previously  described.  A  minor 
objection  is  the  visible  exhaust  in  cold  weather.  Apparatus  for 
condensation,  if  effective,  is  too  cumbrous  to  be  satisfactory. 

The  small  size  and  method  of  construction  of  the  boiler  render 
accident  from  explosion  unlikely,  but  the  water  level  must  be  rather 
closely  watched  to  prevent  burning  the  tubes  by  the  intense  fire.  A 
type  of  boiler  is  coming  into  use  known  as  the  "flash  boiler,"  in 
which  there  is  very  little  water,  only  as  much  being  injected  as  is 
required  by  the  engine,  stroke  by  stroke.     This  boiler,  developed  by 
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Fig.  5. 


Serpollet  in  France,  and  coninidnly  known  by  his  name,  consists  of 
a  series  of  tubes  of  very  narrow  cross-section,  heated  to  a  high 
temperature  by  the  furnace  gases.  Fig.  5  shows  the  section  and 
assembly  of  a  Serpollet  tube.  The  tubes  vaporize  the  water  almost 
instantly,  and  can  be  heated  red  hot  without  injury.  It  is  evident 
that  the  water  supply  must  be  automatic  and  exactly  proportionate 
to  the  consumption  of  steam.  This  requires  reliable  feeding 
devices.  The  tubes  are  short-lived  but  inexpensive,  and  their  thick- 
ness, combined  with  the  small  amount  of  water  in  the  boiler,  makes 
explosion  practically  impossible. 

Compressed  air  has  been  the  engineer's  dream  ever  smce  the 
invention  of  the  steam  engine,  and  many  attempts — for  the  most 
part  futile — have  been  made  to  apply  it  to  vehicle  propulsion.  The 
chief  trouble  is  from  the  inevitable  refrigeration  accompanying  ex- 
pansion, which,  without  reheating  devices,  quickly  clogs  the  exhaust 
passages  with  frost;  but,  even  apart  from  this,  the  energ>-  stored  in 
compressed  air  is  really  comparatively  small.     It  can  be  shown  by 
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a  simple  calculation  that  a  pound  of  air,  expanding  isothermally 
from  150  pounds  gage  pressure  to  15  (11  atmospheres  to  2),  will 
develop  48,300  foot  pounds  of  work.  Assuming  that  the  steam 
carriage  already  described  will  develop  2^  horse  power  hours  before 
exhaustion  of  water  supply,  it  follows  that  103  pounds  of  air  will 
be  needed  for  the  same  endurance  under  the  given  conditions,  which, 
by  the  way,  are  beyond  the  possibility  of  realization  in  practice.  At 
the  given  pressure  the  air  would  occupy  122  cubic  feet,  and  a  tank 
nearly  5  feet  cube  would  be  needed.  As  this  is  out  of  the  question,  a 
much  higher  compression  is  used,  and  the  customary  pressure  is 
2200  pounds,  or  about  150  atmospheres.    This  reduces  the  volume  to 

9  cubic  feet.  Steel  reservoirs  to  withstand  this  pressure  weigh 
about  85  pounds  per  cubic  foot  of  capacity.  A  weight  of  66  pounds 
has  been  realized,  but  in  this  case  the  factor  of  safety  is  rather  small, 
and  explosion  of  a  tank  under  this  pressure  is  highly  dangerous. 
Thus  to  contain  the  air  765  pounds  of  reservoir  will  be  needed.  To 
have  165  pounds  pressure  at  the  end  of  the  run  another  pound  of  air 
will  be  required,  making  a  total  of  869  pounds  for  reservoir  and 
contents.  This  may  be  instructively  compared  with  the  240  or  250 
pounds  required  by  the  steam  carriage  for  fuel,  water  and  boiler. 
The  weight  of  engines  and  piping  is  assumed  to  be  the  same  in  the 
two  cases. 

In  practice  the  case  is  not  quite  as  favorable  for  the  air  engine. 
Available  data  indicate  that  by  using  compounding,  reheaters,  etc., 
— all  adding  weight  and  complication — about  0.27  of  a  horse-power 
hour  can  be  obtained  from  a  cubic  foot  of  air  at  2000  pounds  pres- 
sure. This  weighs  nearly  11  pounds,  whence  to  get  2h  horse-power 
hours  118  pounds  of  air  will  be  required.  In  the  table  below  the 
available  energy  of  compressed  air  expanding  without  loss  under 
different  pressure  conditions  is  given  for  the  sake  of  comparison 
with  other  sources  of  power. 

In  this  connection  it  may  not  be  out  of  place  to  call  attention  to 
the  ludicrous  claims  put  forward  for  the  energy  available  when 
liquid  air  is  vaporized.  Of  course  the  only  reason  for  employing 
liquid  air  is  the  fancied  possibility  it  ofifers  of  carrying  the  equiva- 
lent of  a  large  amount  of  gaseous  air  without  pressure.  By  noting 
that  about  800  volumes  of  free  air  are  required  to  produce  one 
volume  of  liquid  air,  the  energy  of  a  pound  of  the  liquid  may  be 
easily  calculated.  If  vaporized  in  a  closed  tank  the  pressure  would 
rise  to  800  atmospheres,  or,  roughly,  12,000  pounds  per  square  inch. 
Assuming  that  the  total  energy  can  be  realized  in  isothermal  expan- 
sion, there  would  still  be  demanded  10.5  pounds  of  liquid  per 
horse-power  hour,  or,  in  other  words,  a  gallon  of  liquid  air  repre- 
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seiits  a  inaxinumi  of  only  thrcc-tiuarters  of  a  hoi sc-powcr  hour,  an 
amount  by  no  means  difficult  of  comprehension. 

The  following  table  presents  at  a  glance  the  previous  results, 
and  shows  clearly  the  reason  for  the  extraordinary  endurance  of  the 
internal  combustion  engine : 

Foot  Pounds  I'ouiids  pur 
per  Pound   Horse  Power 
of  Medium.       Hour. 
Light  Storage  battery 15.000         132 

Steam  in  small  engine  49.500  40 

Air  expanding  isothermally  from  165  to  30  lbs 48,300  41 

Air  expanding  isothermally  from  165  to  15  lbs 69,400  28.6 

Air  expanding  isothermally  from  2200  to  15  lbs 137,000  14.4 

Air  expanding  isothermally  from  12,000  to  15  lbs 188,000  10.5 

Air  in  perfect  air  engine,  165  to  15  lbs 48,700  40.7 

Air  in  perfect  air  engine,  165  to  30  lbs 37,6oo  52.7 

Air  in  perfect  air  engine,  2200  to  15  lbs 74.400  26.8 

Coal,  14,500  B.  T.  U.,  in  steam  plant  of  12J/2  per  cent. 

total  efficiency  1,410,000            1.40 

Kerosene,  20,700  B.  T.  U.,  in  internal  combustion  engine 

of  35  per  cent,  efficiency 5,590,000  0.354 

The  question  of  cost  of  maintenance,  always  an  interesting  one, 
has  not  yet  been  definitely  settled  for  American  conditions.  The 
following  table  is  for  a  carriage  belonging  to  a  French  physician, 
and  covers  an  experience  of  6000  kilometers  (about  4000  miles). 
It  undoubtedly  represents  a  fair  average  cost.  Although  in  this 
country  the  fuel  and  lubrication  cost  would  probably  be  smaller,  and 
the  writer's  experience  would  incline  him  to  reverse  the  proportion 
of  repair  and  depreciation  charges,  the  greater  cost  of  tires  for 
American  roads  would  probably  keep  the  total  about  the  same.  Of 
course,  if  the  carriage  is  cared  for  by  the  owner  the  last  item  dis- 
appears : 

Gasoline 2.00  cents  per  mile. 

Oil  and  grease O- 15 

Tires   o^4 

Repairs  and  miscellaneous 5-05 

Depreciation   309 

Interest  and  taxes '09 

Hosder 4-67 

16.99 
In  conclusion,  it  may  fairly  be  said  that  the  choice  of  type 
depends  almost  wholly  on  the  character  of  the  service.  For  urban 
passenger  service,  where  recharging  stations  are  conveniently  acces- 
sible and  frequent  stops  are  necessary,  the  electric  vehicle  will  prob- 
ably hold  its  present  supremacy  for  some  time.  For  heavy  service 
the  steam  car  seems  to  be  the  most  successful,  and  for  high  speeds 
and  long  runs  the  internal  combustion  motor  at  present  shows  a 
decided  superiority  over  its  less  costly  rival,  the  steam  engine. 
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DISCUSSION. 

Mr.  John  Balch  .Blood. — Liquid  air  has  a  latent  heat  of 
about  142  British  thermal  units.  The  power  in  steam  has  a 
l^otential  energy  due  to  heat  difference  between  itself  and  the  air. 
The  steam  has  966  latent  heat  units,  and  then  we  put  in  about  200 
more,  depending  on  the  pressure,  which  makes  about  1200.  The 
difference  of  temperature  of  liquid  air  is  not  more  than  300°  or  400° 
below  ordinary  air.  Taking  300  and  adding  it  to  142  we  have  be- 
tween 400  and  500.  Hence,  a  pound  of  liquid  air  is  only  about 
half  as  good  as  a  pound  of  steam.  Neglecting  the  friction  of  the 
machine,  steam  compares  with  liquid  air,  as  a  refrigerative  agent, 
in  the  ratio  of  about  500  to  1200.  In  other  words,  the  thermal 
condition  of  liquid  air  is  less  removed  from  normal  than  is  that 
of  steam  under  pressure,  in  about  the  ratio  of  5  to  12. 

Let  us  look  at  this  now  with  reference  to  two  aspects, — 
namely,  power  and  refrigeration. 

First,  with  reference  to  power,  it  is  evident  that,  with  equal 
efficiencies  of  conversion,  steam  would  be  2.4  times  as  good  as 
liquid  air  per  unit  of  weight. 

The  best  we  can  do  with  steam  is  to  utilize  200  B.  T.  U.  per 
pound  of  steam,  which  would  give  an  efficiency  of  the  steam  cycle 
of  about  16  per  cent.  Therefore,  liquid  air  must  have  at  least  40 
per  cent,  for  efficiency  of  conversion  to  be  on  a  par  with  steam. 

We  do  not  yet  know  what  efficiency  of  conversion  we  do  ob- 
tain, but,  when  we  realize  that  we  must  expand  from  12,000  pounds 
per  square  inch  down  to  zero,  we  do  not  have  a  very  bright  out- 
look. 

In  New  York,  on  the  air  power  cars,  they  use  2000  pounds  in 
the  receivers  and  expand  through  two  engines,  and  even  then 
exhaust  under  pressure. 

If  the  efficiency  of  conversion  of  liquid  air  were  100  per  cent., 
the  power  obtainable  would  be  only  2^  times  that  of  steam  for  a 
given  weight.  When  you  come  to  compare  costs,  steam  is  many 
times  the  cheaper,  as  no  one  has  presumed  to  quote  a  price  for 
liquid  air  that  would  compare  at  all  with  steam.  Coal  at  $4.00 
per  ton  is  5  pounds  for  one  cent.  If  one  pound  of  coal  will 
evaporate  8  pounds  of  water  we  have  40  pounds  of  steam  evapo- 
rated for  one  cent,  or  one  pound  of  steam  would  stand  at  $0.00025. 

For  power  purposes,  therefore,  if  we  assume  that  the  con- 
version from  liquid  air  is  perfect  (which  we  know  is  not  a  fact), 
liquid  air  must  be  sold  at  a  price  less  than  one  mill  per  pound  in 
order  to  compete  with  steam. 

So  much  for  the  power  aspect. 
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Second,  with  reference  to  refrii^eration. 

We  saw  above  that  li(|uid  air  had  a  nef^ative  teni])eratnre  or 
refrigcrative  value  of  about  500  B.  T.  l'.  Ice  has  a  latent  heat 
of  about  114  and  a  ncijative  temperature  of  al)out  40°,  which 
would  give  approximately  a  refrigeration  value  of   150  B.  T.   U. 

It  will  be  seen  that  for  refrigeration  one  pound  of  liquid  air  i-; 
equal  to  3.3  pounds  of  ice.  If  ice  sells  for  30  cents  per  ICK) 
pounds,  liquid  air  must  sell  at  one  cent  per  pound  to  compete. 

Professor  Derr. — In  regard  to  compressed  air  automo- 
biles, there  is  one  industrial  or  economic  consideration  which 
should  not  be  overlooked;  that  is,  the  danger,  the  positive  danger, 
of  carrying  bottles  of  gases  at  a  pressure  of  2000  pounds  to  the 
square  inch.  I  have  often  been  questioned  as  to  the  danger  to  be 
feared  in  steam  boilers  carrying  200  pounds  pressure,  but  no  Board 
of  Aldermen  has  objected  to  the  steel  air-bottle,  although  one  of 
these  bottles  exploded  of  late,  wrecking  a  stable  and  injuring  six 
men  rather  seriously. 

In  answer  to  a  question.  Prof.  Derr  said:  Heavy  trucks,  I 
think,  ought  to  be  safe  to  use.  TVom  the  showing  I  tried  to  make 
in  the  table,  the  battle  is  going  to  be  fought  out  between  steam 
and  gasoline,  and,  of  course,  if  it  is  a  question  of  steam,  either 
some  form  of  stored  heat  or  liquid  fuel  will  be  used  for  urban 
service.  Otherwise,  I  do  not  think  the  steam  vehicle  will  be  quite 
as  much  in  favor  as  others.  The  heavy  trucks,  particularly  the 
English  ones,  are  invariably  driven  by  steam;  some  of  them  are 
operated  with  solid  fuel.  The  heavy  gasoline  engine  is  not  yet  a 
success. 

The  President  then  called  upon  Mr.  Knight  Xeftel.  manager 
of  the  Xew  England  Electric  \'ehicle  Transportation  Company, 
who  spoke  as  follows: 

Mr.  Knight  Xeftel.— We  are  operating  here  and  in  Chicago, 
Xew  York,  Philadelphia  and  Washington  a  very  large  numl>er  of 
carriage  batteries.  In  some  cases  we  have  used  these  batteries  for 
three  and  four  years,  and  our  experience  has  l>een  that  the  battery 
has  given  us  less  trouble  and  less  cost  for  repairs  than  any  other 
part.  We  have  numbers  of  batteries  that  were  installed  three  or 
four  years  ago,  and  I  think  the  professor  was  mistaken  when  he 
said  that  there  were  only  thirty  automobiles  in  Xew  York  two  years 
ago.  \\e  had  more  than  this  in  operation  in  Xew  ^■ork  alone 
(electric),  and  these  batteries  are  to-day  in  use  in  Xew  York,  the 
replacement  of  plates  being  a  very  small  expense.  The  l)ad  reputa- 
tion that  storage  batteries  have  generally  obtained  may  l>e  explained 
bv  the  statement  that  the  manufacture  of  the  reliable  storage  bat- 
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teries  has  been  confined  to  one  concern ;  those  who  have  experi- 
mented with  electric  vehicles  have  not  always  been  in  position  to 
obtain  this  make. 

I  hardly  need  say  that  the  gasoline  machine  is  not  a  vehicle 
for  urban  use.  It  is,  as  you  have  seen  by  the  pictures,  exceedingly 
complicated.  It  does  not  start  easily;  furthermore,  it  has  the  very 
great  disadvantage  of  not  being  able  to  back  unless  it  has  a  re- 
versing gear,  which  is  another  complication  not  dwelt  upon  by 
Prof.  Derr.  The  driver  of  an  ordinary  hack,  cab  or  carriage  for  the 
transportation  of  passengers  must  be  able  to  start  up  rapidly,  or 
he  will  stall  traffic.  He  must  have  absolute  control  of  the  vehicle  in 
the  method  of  starting,  and  he  must  also  be  able  to  reverse  it  in- 
stantly, if  necessary  to  save  life,  and  he  must  be  able  to  back  out 
of  a  tight  place. 

The  electric  motor  gives,  with  a  man  of  ordinary  intelligence 
(such  as  it  pays  transportation  companies  to  employ),  that  con- 
venience and  ease  of  operation  which  no  other  vehicle  can  give. 
Of  course,  the  steam  carriage  can  be  reversed,  but  there  are  other 
difficulties  with  a  large-sized  steam  vehicle  which  I  need  not  touch 
upon  to-night. 

The  greatest  source  of  expense  and  of  trouble  to  the  automo- 
bile user  is  the  tires;  if  he  has  a  light  vehicle,  such  as  the  loco- 
mobile, he  meets  with  punctures,  as  on  bicycles;  if  he  has  a  gaso- 
line vehicle,  he  wears  the  tires  out;  if  he  has  an  electric  vehicle  of 
greater  weight,  the  tires  are  liable  to  explode.  You  have  probably 
seen  or  heard  these  explosions  on  the  streets  here.  The  tire 
is  the  expensive  part  of  the  machine.  The  ingenuity  of  a  great 
many  men  is  engaged  in  remedying  this  difficulty,  and  we  hope  that 
some  one  will  soon  solve  the  problem. 

The  handling  of  the  automobile  business  as  a  mercantile  af- 
fair, with  a  company  such  as  I  am  connected  with,  is  a  field  which 
promises  to  be  remunerative  to  capitalists  and  operators,  and  ulti- 
mately of  great  benefit  to  the  public.  It  has  required  an  enormous 
investment  of  money,  and  is  still  somewhat  experimental.  It  has 
required  the  energy  of  a  great  many  men  to  solve  what  may  be 
called  a  great  problem  of  organization.  The  handling  of  two, 
three  or  five  hundred  carriages  of  the  various  styles,  dimensions, 
weights  and  capacities,  entirely  by  mechanical  means,  and  train- 
ing men  to  take  care  of  the  mechanical  system  by  means  of  which 
this  is  done,  and  finally  the  various  trials  and  tribulations  on  the 
streets  with  the  authorities  and  with  the  public,  called  for  great 
expenditure  of  energy  and  of  time  by  those  who  have  promoted 
this  enterprise  in  the  different  cities. 
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The  result  of  one  year's  operation  in  Boston  has  been  as  fol- 
lows: The  present  plant  of  our  company  has  been  in  operation 
since  October  2,  so  you  will  see  that  it  is  not  yet  a  year  old.  So 
far  we  have  traversed  the  streets  of  Boston  to  the  extent  of  112,- 
000  miles,  adding  about  2000  or  3000  miles  a  day  to  this  total.  We 
handle,  in  storage  batteries,  from  four  to  five  hundred  tons  every 
day  in  our  station.  We  operate  about  154  automobile  vehicles  of 
various  kinds,  and  we  are  adding  about  60  more  to  be  used  for 
delivery  wagon  purposes.  I  am  not  referring  to  these  things  ex- 
cept to  show  you  an  interesting  mechanical  problem  which  is 
being  worked  out  in  this  town,  and  of  which,  perhaps,  manv  of 
you  do  not  know. 

For  the  charging  of  our  batteries  and  the  operation  of  this 
plant  we  are  taking  100,000  kilowatt-hours  of  current  per  month, 
and  I  am  happy  to  say  that  we  are  just  getting  clear  of  our  pay 
rolls  and  other  expenses.  In  other  words,  the  service,  I  think, 
has  proved  popular  with  a  great  majority.  There  are  some  who  do 
not  like  riding  in  these  cabs,  but,  so  far  as  we  can  judge,  it  is  popu- 
lar. 

The  delivery  wagon  part  of  the  business  is  to  me  the  most 
interesting,  because  that  is  simply  a  problem  in  transportation, 
where  the  vehicles  are  not  confined  to  tracks  and  where  we  are 
filling  a  very  large  demand.  We  experimented  with  this  at  first, 
contracting  to  do  the  transportation  on  a  limited  scale  for  a  large 
department  store;  after  a  short  time  it  proved  so  successful — to 
them  financially,  and  to  us  mechanically — that  an  arrangement 
has  been  made  covering  a  period  of  years  for  the  entire  transporta- 
tion of  their  sales. 

Another  experiment  was  tried  in  the  delivery  of  newspapers; 
this  has  also  proved  so  successful,  so  economical  and  such  a  saving 
of  time,  which  is  an  item  of  importance  to  those  concerned,  that  a 
still  larger  contract  for  a  greater  period  has  been  entered  into  for 
the  distribution  of  a  large  proportion  of  the  newspapers  from  here 
to  Roslindale  and  Dedham  on  the  south,  and  to  Lynn  and  Wal- 
tham  on  the  north  and  west. 

Other  experiments  have  been  tried  here,  in  Philadelphia,  in 
Washington  and  in  New  York,  on  other  types  of  work  of  this 
kind,  and  in  every  case  this  feature  has  developed:  that  while  there 
is  no  economy  in  supplying  a  man  with  one  vehicle,  there  is  a 
very  large  economy  in  supplying  a  man  with  ten  vehicles.  I  now 
refer  to  the  user.  In  other  words,  one  vehicle  will  not  compete 
with  a  horse,  so  far  as  economy  is  concerned,  but  ten  vehicles  will 
do  the  work  of  fifteen  horse  teams,  not  only  more  rapidly,  but  more 
satisfactorily. 
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It  does  not  pay  the  small  grocer,  who  has  but  one  wagon,  to 
buy,  hire,  rent  or  use  an  automobile,  as  one  horse  will  be  cheaper. 
But  if  he  uses  ten,  twenty,  forty  or  eighty  wagons,  the  economy  is 
very  great  and  immediate. 

I  have  intended  to  ask  some  of  the  engineers  of  Boston  to 
visit  our  plant  when  completed,  but  we  have  been  very  much  de- 
layed in  its  completion.  It  is  interesting  and  entirely  different 
from  anything  ever  attempted  before  on  such  a  scale,  and  if,  after 
the  meeting,  any  of  the  gentlemen  would  like  to  look  at  some  blue 
prints,  showing  the  method  of  handling  our  batteries,  I  shall  be 
glad  to  show  them,  and  I  hope  the  Society  will  accept  an  invitation 
and  come  and  see  our  plant  when  in  full  operation. 

Mr.  Blood. — Mr.  Neftel  gives  500  tons  of  batteries  for  154 
vehicles,  that  is,  two  tons  of  battery  handling  a  vehicle  a  little  less 
than  20  miles  a  day;  3000  miles  a  day  for  154  vehicles  makes  less 
than  20  miles  a  day.  If  the  batteries  would  not  do  a  great  deal 
more  than  that  they  would  be  considered  pretty  poor  batteries. 

When  you  consider  repairs  on  batteries  compared  with  taxes, 
interest  on  investment  and  (in  any  mercantile  enterprise)  driver 
and  caretaker,  you  will  find  that  the  depreciation  account  can  be 
multiplied  by  four  or  five  before  it  will  come  up  to  the  other  factors. 

Mr.  Neftel. — The  gentleman  is  probably  not  aware  that 
the  battery  has  to  be  handled  three  or  four  times  for  every  trip  of 
the  cab,  and  that  the  trip  may  be  only  a  mile.  If  you  will  take  my 
figures,  480  to  500  tons,  figure  out  the  number  of  batteries  which 
that  represents,  and  then  try  to  find  the  mileage  from  that,  you 
naturally  will  get  extraordinary  results.  You  would  also  get  re- 
sults which  would  be  astounding  if  you  were  to  figure  how  many 
times  you  have  to  handle  the  coal  before  it  goes  into  the  locomo- 
tive furnace,  and  how  many  miles  this  coal  is  transported  before  it 
is  utilized,  or  some  other  such  problem,  but  the  coal  has  to  be 
handled  and  so  do  the  batteries. 

If  you  call  a  cab  from  the  Touraine  and  want  to  go  to  the 
South  Union  Station,  we  probably  have  to  handle  that  battery  four 
or  five  times;  that  is  where  the  problem  of  mechanical  handling 
comes  in. 

For  pleasure  vehicles,  altogether  a  different  field,  entirely 
different  batteries  are  constructed,  such,  for  instance,  as  those  used 
by  Mr.  Maxim,  who  made  a  run  from  Philadelphia  to  Atlantic 
City  and  return  of  over  1 10  miles  and  could  have  gone  further. 

When  it  comes  to  commercial,  heavy,  hard  work,  you  must 
use  low-capacity  batteries,  very  heavy  and  very  durable,  and  you 
will  get  good  results.     One  more  remark  in  reference  to  weights. 
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W'c  l\avc  records  of  a  lar,i;c  number  of  different  vehicles.  \\\-  run 
vehicles  which  are  very  light  and  we  have  records  of  mileage  and 
repairs,  and  our  reports  are  very  accurately  made  daily,  not  only 
here,  l)ut  all  over  the  country.  ;Besides,  we  operate  trucks  which 
will  carry  two  tons  at  the  rate  of  10  miles  an  hour.  W'c  have 
found  that  the  heavier  the  vehicle,  the  less  are  the  repairs  and  the 
cost  of  operation,  and  the  greater  the  durability.  This  is  an  actual 
fact,  and  I  will  be  pleased  to  show  you  how  much  less  it  costs  us,  in 
repairs  and  in  power,  to  push  one  of  these  Houghton  &  Button 
wagons,  loaded,  than  it  does  to  push  a  two-seated  carriage.  That 
is  a  very  curious  development,  and  that  is  the  reason  why  we  feel 
that  the  question  of  weight  is  not  of  such  moment  as  many  would 
make  it.  While  a  very  light  automobile  buggy  is  the  one  that 
will  fall  apart  first,  the  heavier  one  with  wooden  wheels  has  an 
excess  of  weight  of  material  to  prevent  parts  getting  out  of  line, 
and  other  troubles,  and  is  the  one  that  will  last  the  longest.  A 
few  pounds  more  or  less  amount  to  nothing  as  far  as  mileage  is 
concerned. 

Professor  Allen. — I  should  like  to  ask  the  last  speaker 
how  far,  for  heavy  work,  he  expects  a  battery  to  last  between  re- 
loadings. 

Mr.  Neftel. — A  battery  could  not  run  an  ordinary  automo- 
bile delivery  wagon,  with  a  load  of  one  ton,  more  than  25 
miles.  Of  course,  the  distance  depends  greatly  upon  the  road. 
On  a  level  road,  under  good  conditions,  with  a  standard  storage 
■battery,  it  should  not  be  asked  to  drive  more  than  25  miles;  one 
of  Houghton  &  Button's  vehicles  will  go  40  miles  with  two  bat- 
teries in  Boston  and  suburbs. 

Professor  Derr  was  asked  whether  the  statistics  he  showed  on 
the  table,  relating  to  a  physician's  carriage,  referred  to  a  French 
physician.     He  answered  in  the  affirmative. 

Professor  Watsox. — Suppose  we  were  to  take  one  of  our 
vehicles,  I  do  not  mean  a  city  cab,  but  one  of  the  carriages  which 
would  be  used  in  the  country,  say  by  a  physician  down  on  the  cape 
who  would  have  to  go  for  miles  around,  or  by  a  farmer  who  de- 
livers produce,  and  who  goes  over  country  roads  which  are  full 
of  ruts.  I  always  imagined  that  the  natural  tendency  would  be  to 
get  them  as  low  as  possible  for  the  sake  of  lightness  and  cheapness. 
I  suppose  the  expense  for  such  a  carriage  would  be  very  large. 

Professor  Derr.— I  would  be  glad  to  furnish  figures,  but  as 
far  as  I  know  none  are  in  existence.  If  the  French  automobile 
estimate  of  17  cents  per  mile  is  taken  for  a  basis,  the  expense  for 
such  a  carriage  as  the  last  speaker  mentioned  would  be  quite  large. 
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The  gentleman  who  spoke  of  storage  batteries  has  not  proved  his 
case;  my  own  experience  is  of  the  same  kind.  I  have  operated  a 
steam  carriage  for  700  miles,  at  a  total  cost  of  repairs  of  95  cents. 
If  the  cost  of  battery  repairs  and  renewals  can  be  correctly  esti- 
mated from  data  obtained  in  operating  heavy,  low-capacity 
batteries,  or  even  from  the  general  average  of  a  plant  less  than 
a  year  in  operation,  then  it  seems  to  me  equally  proper  to  estimate 
the  cost  of  repairs  to  a  steam  carriage,  such  as  the  one  mentioned, 
as  one-seventh  of  a  cent  per  mile,  and  the  latter  proposition  would 
be  quite  difficult  to  establish. 
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AlTOMOHIIJvS. 


By    Dr.   T.   J.    Martin. 


[Read  before  tlic  l-^ngiiicers'  Society  of  Western  New  York  May  7,  1900.*] 

E\ER  since  the  discovery  of  steam  power  there  has  been  a 
demand  for  self-propclHng-  vehicles,  and  the  present  development 
can  be  traced  from  the  road  roller  and  bicycle  to  the  advanced  forms 
used  for  mercantile  and  pleasure  purposes  to-day. 

Road  motors  attracted  the  attention  of  inventors  as  far  back  as 
the  end  of  the  last  century,  and  in  1801  there  was  a  steam  carriage 
which  would  climb  hills  faster  than  a  man  could  walk.  Before  in- 
ventive attention  was  turned  to  railroad  development  there  were 
many  attempts  to  perfect  these  road  carriages. 

From  1825-1835  the  Squire  carriages  were  running  in  England 
at  an  average  speed  of  fourteen  miles  an  hour,  but  these  early 
attempts  did  not  attain  the  excellence  or  cheapness  necessary  to 
create  a  demand  among  the  masses  for  that  form  of  locomotion. 

This  end  of  tTie  century  is  a  "rapid"  one,  and  we  are  a  "rapid" 
people  who  have  created  a  demand  for  something  not  yet  entirely 
developed,  although  we  have  three  very  satisfactory  forms  of  self- 
propelling  vehicles. 

We  require  of  the  automobile  that  it  be  easily  controlled, 
steered  and  stopped.  It  must  have  speed  and  abundance  of  power. 
It  must  be  cleanly  and  not  too  noisy. 

The  real  problem  is,  of  course,  which  is  the  preferable  power, 
looking  at  the  question  as  it  is  developed  to-day. 

Let  us  consider  the  three  motive  powers  in  practical  use  to- 
day, with  their  comparative  costs  of  operation,  etc., — viz,  electricity, 
,  gasoline  and  steam. 

^Ir.  Riker,  in  a  recent  address,  gave  a  concise  description  of 
the  batteries  used  in  electric  vehicles.     He  said : 

"We  do  not  require  any  change  of  gearing  in  the  electric  auto- 
mobile to  alter  the  speed  or  climb  a  grade,  but  accomplish  this 
electrically  by  a  series  of  switches,  so  grouped  as  to  be  operated  by 
one  handle,  which  is  called  the  controller. 

"From  this  controller  wires  lead  to  four  groups  of  batteries 
and  to  the  motor  or  motors,  as  the  case  may  be.  As  the  speed  of 
an  electric  motor  depends  upon  the  pressure  of  the  current  sup- 
plied, you  will  at  once  see  that  change  of  pressure  means  also  change 
of  speed.     This  pressure,  in  technical  language,  is  called  voltage. 

"As  it  is  necessary  when  recharging  the  batteries  to  connect 
them  to  a  direct  current,  each  cell  requiring  about  2.5  volts,  and  as 
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the  prevailing  pressure  is  about  no  volts,  it  is  necessary,  if  we 
desire  to  charge  economically,  to  use  from  40  to  44  cells  of  battery. 

"These  cells  are  placed  in  four  crates  or  boxes,  each  holding 
ten  cells.  The  cells  in  each  crate  are  connected  in  series ;  that  is  to 
say,  the  positive  terminal  of  one  is  fastened  to  the  negative  terminal 
of  the  next.  As  the  pressure  of  a  cell  on  this  charge  is  about  2 
volts,  and  there  are  ten  in  a  crate,  the  pressure  at  the  terminals  of 
each  crate  is  approximately  20  volts.  Now,  it  is  possible  so  to 
connect  the  four  boxes  that  we  obtain  three  pressures, — namely, 
20  volts,  40  volts  and  80  volts.  In  the  first  position  the  four  crates 
are  connected  so  that  the  motor  receives  a  pressure  of  20  volts. 
When  they  are  connected  in  multiple  each  crate  furnishes  one- 
fourth  the  total  current.  For  example,  if  the  motor  takes  20 
amperes,  each  box  is  furnishing  5.  This  arrangement  allows  all 
of  the  cells  to  discharge  at  the  same  time.  This  method  of  control 
has  another  very  advantageous  feature.  If  one  of  the  crates, 
say,  for  example.  No.  2,  should  show  signs  of  being  discharged 
before  the  others,  we  may,  by  leaving  the  controller  in  the  first 
position  for  a  short  time,  make  the  other  crates  charge  the  weak 
one,  and  thus  save  those  cells  from  overdischarge  and  possible 
injury.  In  the  second  position  of  the  controller  crates  i  and  2  are 
connected  in  series,  as  are  also  3  and  4.  These  two  sets  are  then 
grouped  in  multiple,  and  furnish  a  pressure  of  40  volts  to  the  motor. 
In  this  second  arrangement  only  one-half  of  the  total  current  is 
supplied  from  each  crate ;  therefore,  if  the  discharge  is  as  before, 
20  amperes,  each  crate  or  box  is  furnishing  10.  We  now  come  to 
position  No.  3,  which  gives  the  greatest  pressure  we  are  able  to 
produce.  In  this  position  all  the  crates  are  connected  in  series, 
and  the  pressure  supplied  to  the  motor  is  80  volts, — 20  amperes 
are  furnished  by  each  crate. 

"As  it  is  necessary  to  know  how  much  electricity  we  have 
stored  up,  and  how  fast  this  is  being  consumed,  we  use  a  combined 
volt  and  ampere  meter.  I  think  at  this  point  it  would  be  well  to 
explain  that  the  difference  in  pressure  between  a  fully-charged 
storage  cell  and  the  same  discharged  is  about  0.3  of  a  volt,  being 
2  volts  at  the  beginning  and  1.7  volts  at  the  end  of  the  discharge. 
With  40  cells,  the  pressure  at  the  start  is  80  volts,  which  falls 
gradually  to  68  at  the  finish.  These  meters  are  therefore  marked 
in  this  manner:  Opposite  80  volts  the  word  charged  is  written, 
and  discharged  against  68.  You  can  therefore  spin  along  at  ease 
until,  while  running  on  a  level  stretch  of  road  at  a  normal  discharge, 
your  meter  reads  75  volts.  You  know  then  that  you  have  used 
half  your  charge,  and  that  you  must  either  return  or  find  some 
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means  of  recharging.  This  device  has  boon  in  constant  use  for  over 
three  years,  and  I  have  never  known  any  one  to  run  out  of  charge 
who  was  governed  by  the  reading  of  the  meter.  I  have  so  far 
explained  only  one  side  of  the  meter,  and  how  it  operates  on  dis- 
charge or  the  running  of  the  carriage.  It  has  still  another  function. 
When  a  storage  battery  is  connected  to  a  source  of  current  to  be  re- 
charged the  back  pressure  of  a  cell  is  about  2.1  volts,  making  the 
40  cells  require  84  volts  to  recharge  them.  As  they  absorb  the 
charge,  their  pressure  gradually  rises  to  2.5  volts  per  cell,  or  100 
volts  for  the  40  cells,  at  which  pressure  the  charging  should  be 
stopped,  as  the  battery  is  full.  The  meter  also  indicates  this  condi- 
tion. As  it  is  also  necessary  to  know  at  what  rate  to  recharge  the 
cells,  the  other  half  of  the  instrument  is  graded  in  amperes.  This 
portion  of  the  meter  has  a  double  scale,  reading  either  the  amount 
of  current  going  into  or  out  of  the  battery,  enabling  us  to  charge 
at  the  proper  rate  for  the  best  results  to  the  battery,  and,  when 
running,  shows  the  amount  of  power  being  used.  It  is  therefore 
possible,  with  an  electric  carriage  and  one  of  these  meters,  to  know 
at  any  time  just  what  horse  power  you  are  developing." 

Gasoline,  four-cycle  operation : 

"First  stroke  draws  in  a  charge  or  mixture  of  gasoline  and  air ; 
the  next  stroke  compressing  that  mixture  through  a  higher  atmos- 
pheric pressure,  varying  from  40  to  70  pounds  pressure ;  the  next 
stroke  being  the  useful  stroke  of  the  four,  in  which  the  charge  is 
exploded  and  the  piston  driven  forward. 

"The  fourth  cycle  is  the  one  in  which  the  exploded  gases  are 
expelled  from  the  cylinder,  and  the  cycle  commences  over  again. 
Therefore,  in  a  single-cylinder  gasoline  engine  we  have  one  useful 
stroke  in  four.  Multiplying  our  cylinders,  taking  two  cylinders, 
we  have  one  useful  stroke  in  each  revolution.  If  we  have  four 
cylinders  we  have  two  useful  strokes  in  each  revolution,  if  they 
are  properly  proportioned  and  divided." 

There  are  two  classes  of  gasoline  motors, — flange  cooling  and 
water  jackets;  vaporization,  tank  method  vaporizer. 

The  steam  carriages  best  known  are  the  Overman.  Crouch. 
Whitney,  Locomobile. 

The  Overman  has  a  steam  boiler  and  a  slide-valve  engine. 
Steam  is  exhausted  into  the  hollow  tubes  of  the  running  gear,  and 
passes  into  the  atmosphere  through  small  holes  drilled  in  the  front 
axle. 

The  Crouch  carriage  employs  superheated  steam.  All  these 
makes  are  of  the  same  general  kind,  using  a  small  boiler  which  is 
fired  by  gasoline. 
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In  the  Locomobile  gasoline  is  used  as  a  fuel ;  the  tank  is  under 
the  footboard.  Fuel  is  forced  by  compressed  air  through  the 
boiler,  where  it  is  vaporized,  to  the  burner,  where  it  is  ignited.  The 
power  is  obtained  by  means  of  a  chain  from  the  engine  sprocket  to 
the  sprocket  on  the  rear  axle. 

DISCUSSION. 

Mr.  Guthrie. — Has  the  weight  of  the  automobile  increased 
or  lessened? 

Dr.  Martin. — It  has  increased.  It  has  been  found,  by  actual 
experience  throughout  this  country  and  Europe,  that  to  obtain  satis- 
factory commercial  results  all  manufacturers  were  obliged  to  guard 
against  one  common  enemy, — namely,  crystallization  of  metal. 
Automobiles  are  invariably  built  for  speed.  Speed  in  turn,  on  the 
average  American  roads,  means  violent  vibration.  This  vibration 
is  intensified  at  those  points  about  the  machine  which  carry  the 
maximum  weight  at  an  angle,  such  as  pivot  axle,  steering  arm, 
rear  axle,  near  the  bearings,  etc.  All  electric  machines  carry  a 
■storage  battery  varying  in  weight  from  500  to  1800  pounds.  The 
bulk  of  this  weight  is  in  the  lead  plates.  The  first  carriages  built 
by  the  Pope  Manufacturing  Company  weighed  about  1600  pounds 
(battery  included).  This  same  type  of  machine  (Mark  III)  to- 
day weighs  nearly  2600  pounds  (battery  included).  The  increase 
in  weight  is  required,  first,  to  meet  the  demand  for  increased  mile- 
age, and,  second,  to  guard  against  crystallization.  The  machine 
weighing  1600  pounds  had  a  20-mile  maximum  capacity.  The 
2600-pound  machine  has  a  35-mile  capacity.  A  heavier  and  longer 
mileage  battery  requires,  in  turn,  heavier  and  stronger  parts  of  the 
machine.  I  have  some  very  interesting  specimens  at  our  station 
of  crystallization  at  these  various  points  of  the  machine. 

Mr.  Guthrie. — Why  is  the  automobile  so  expensive? 

Dr.  Martin. — The  automobile  must  be  an  expensive  product 
as  long  as  it  has  not  become  standardized  in  its  various  parts.  A 
visit  to  the  motor  vehicle  factory  reveals  the  fact  that  every  bolt, 
nut,  screw  and  everything  else  is  turned  out  by  day  labor  and  lathe 
work ;  in  fact,  little  is  seen  of  an  automobile  until  the  "assembling" 
and  finishing  departments  are  reached. 

Mr.  Morse. — Which  machine  is  liked  the  best  here? 

Dr.  Martin. — In  foreign  countries,  such  as  Germany,  France 
and  England,  the  gasoline  machine  is  the  favorite,  for  two  reasons : 
First,  the  unlimited  mileage  permitting  longer  distances  between 
points  where  charging  stations  could  be  established,  and,  second, 
the  fact  that  gasoline  is  universal  and  cheap. 
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Europeans  try  to  get  away  from  the  "horse  carriage"  iflea. 
They  demand  a  veritable  machine,  and  when  driving  one  for 
pleasure  or  business  they  dress  accordingly ;  that  is,  they  wear  rub- 
ber coats,  leather  caps  and  "goggles,"  thus  protecting  themselves 
from  grease  and  dirt.     They  go  into  it  from  a  sporting  standpoint. 

In  this  country,  where  the  art  of  manufacturing  and  running 
motor  vehicles  is  comparatively  new,  the  electric  machine  has  the 
preference,  because  it  is  noiseless,  clean,  odorless  and  does  not 
require  a  machinist  to  operate  it  successfully.  The  ease  with  which 
electricity  can  be  obtained  in  almost  any  village  is  another  point  in 
its  favor. 

Mr.  Guthrie. — What  is  the  cost  of  maintenance? 

Dr.  Martin. — Permit  me  to  use  my  own  Columbia  carriage 
(Mark  III,  Lot  II)  as  an  illustration.  I  have  operated  this  car- 
riage in  this  city  for  the  past  three  winters  and  two  summers, 
covering  about  35,000  miles.  It  has  never  cost  me  over  three- 
fourths  of  a  cent  per  mile  for  current.  The  cleansing  of  the  bat- 
teries costs  about  $25  a  year.  The  cost  of  tires,  one  set  per  year, 
is  about  $80.  Paint  and  varnish  about  $20.  These  are  the  prin- 
cipal items  of  maintenance. 

Mr.  Guthrie. — How  many  miles  can  you  make  per  gallon  of 
gasoline  ? 

Dr.  Martin. — I  am  not  familiar  enough  with  the  actual 
manipulation  of  the  gasoline  machine  to  give  you  exact  data.  I 
can  tell  you  only  what  claims  are  made  in  this  country.  Gasoline 
carriages  usually  carry  from  three  to  five  gallons,  which  quantity, 
we  are  told,  will  carry  the  machine  about  100  miles.  I  do  not 
believe  this,  but  I  believe  about  30  miles  might  be  made  on  the 
average  American  road. 

(Dr.  Martin  here  cited  the  trans-continental  experience  of  Mr. 
and  Mrs.  Davis,  stating  that  one  of  the  greatest  difficulties  they 
met  with  was  the  difficulty  of  keeping  supplied  with  gasoline.) 

The  steam  carriage  has  difficulties  similar  to  those  of  the  gaso- 
line, and  I  consider  this  type  of  motor  vehicle  the  most  dangerous 
in  the  hands  of  any  one  except  machinists  and  experts,  for  the 
reason,  mainly,  that  in  this  type  of  vehicle  we  have  a  flame  and 
burner  within  a  few  inches  of  the  gasoline  tank.  They  also  readily 
take  fire,  or  become  enveloped  in  flame  from  a  leaky  gasoline  tank 
or  its  connections.  In  cold  weather  the  water  gauges  and  pipe  con- 
nections freeze ;  and  most  serious  of  all  is  the  ease  with  which  a 
boiler  is  "burned  out,"  necessitating  an  expenditure  of  from  $200 
to  $300. 
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This  Columbia  automobile  rents  for  $250  per  month  with  a 
driver,  or  $200  without  the  driver.  Others  rent  for  $150  to  $200. 
This  includes  the  repairs  to  the  machine.  We  take  entire  charge 
of  the  repairs. 

Mr.  Guthrie. — I  move  that  a  vote  of  thanks  be  extended  to 
Dr.  Martin  for  his  very  able  and  interesting  address  on  automobiles. 

Seconded  by  Major  Symons. 

Carried  unanimously.     Applause. 
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Bv  Arthur  T.  Safforh,  Mkmker  Boston  Socirty  of  Civil  Enoinkkks. 


[Read  before  the  Society,  April  11,  Ujcx).*] 

TiiK  Middlesex  Company,  for  the  purpose  of  obtaining  525 
net  horse  power  for  its  mills  at  Lowell,  Mass.,  draws  from  the 
Lower  Pawtucket  Canal  a  little  less  than  yx)  cubic  feet  of  water 
per  second  through  an  old  wooden  feeder  210  feet  long,  which 
delivers  the  water  into  two  wrought  iron  feeders  18  feet  long. 
These  wrought  iron  feeders  supply  two  Swain  wheels,  side  by  side, 
66  and  72  inches  in  diameter  respectively,  which  drive,  through 
crown  and  bevel  gears,  onto  the  main  shaft  of  the  mill.  A  steam 
engine  of  250  horse  power  is  belted  to  this  shaft,  and  was  formerly 
used  to  augment  the  power;  but,  since  the  improvements  of  this 
past  year  have  been  made,  it  is  possible  to  run  the  mill  entirely  by 
water. 

Fig.  I  shows  the  conditions  before  making  the  improvements, 
the  location  of  these  wheels  in  the  mill  and  the  feeder  and  its  rela- 
tions to  the  canal.  The  general  arrangement  of  everything,  Fig.  2, 
remains  the  same  now,  excepting  those  changes  described  in  this 
paper. 

Previous  to  the  work  of  this  last  year  the  water  was  drawn 
from  the  Lower  Pawtucket  Canal  into  the  feeder  through  an  old 
vertical  wooden  rack  or  screen  39  feet  long  and  8^  feet  high,  the 
top  of  the  rack  being  above  running  mark  in  the  canal ;  the  slats  of 
the  rack  were  of  wood,  being  of  |-inch  stuff  with  spaces  i^  inches 
wide  between  them.  A  rack  of  this  character  is  put  in  to  keep 
leaves,  sticks  and  other  debris  from  getting  into  the  wheels.  The 
clear  area  through  which  water  could  go  at  the  high  running  mark 
of  the  canal,  when  there  were  no  local  obstructions,  was  200  square 
feet,  or  60  per  cent,  of  the  superficial  area  of  the  rack;  but  one- 
quarter  of  the  area  of  the  rack,  downstream  from  the  head  of  the 
feeder,  did  not  supply  its  proportional  part  of  the  water  on  account 
of  the  proximity  of  the  wall  behind  the  rack.  The  top  of  the  rack 
was  at  high-water  mark,  and  if  the  canal  was  drawn  down,  as  it 
often  is,  a  foot  or  more,  the  rack  area  was  diminished  alxjut  12  per 
cent.  At  times  when  ice  and  snow  were  running  in  the  canal  the 
clear  area  of  the  rack  was  further  considerably  reduced,  on  account 
of  the  ice  and  snow  being  drawn  towards  the  rack  by  the  current. 
It  required  constant  attention  during  the  winter  season,  and  kept 
♦Manuscript  received  June  7,  1900.— Secretary,  Ass'n  of  Eng.  Socs. 
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several  men  busy  for  a  few  hours  each  cold  or  snowy  morning 
keeping  the  ice  and  snow  from  filling  up  the  rack  and  shutting 
down  the  mill. 

The  velocity  of  the  water  through  the  old  rack,  with  the  normal 
quantity  (300  cubic  feet  per  second)  running  and  the  canal  up  to 
high-water  mark,  would  average  1.5  feet  per  second  if  the  rack  had 
been  so  situated  that  each  part  of  it  supplied  a  proportional  part  of 
the  water.  This  would  have  been  ample  for  the  present  amount 
of  water  used.     In  actual  practice  not  more  than  three-quarters  of 


Scale  J  Inch  =6  Feet. 


Fig.  3. 

(For  Figs.  I  and  2,  see  inset.) 


the  rack  was  in  service,  so  that  the  average  velocity  was  more  than 
2  feet  per  second. 

After  passing  through  the  rack  the  water  ran,  for  about  40 
feet,  through  a  section  of  the  old  feeder  27.5  feet  wide  and  6  feet 
high,  containing  five  lines  of  posts,  more  or  less  in  line,  to  support 
the  wooden  roof  and  the  two  or  three  feet  of  dirt  above  it.  This 
portion  of  the  feeder  formed  the  head  of  ^  much  older  one  which 
supplied  the  breast  wheels  of  a  half-century  ago.  Turning  a  right 
angle,  the  water  ran  for  150  feet  through  a  channel  of  the  same 
general  form  as  the  one  of  40  feet  already  mentioned.  Here  the 
section  was  20  feet  wide  and  6  feet  high,  with  three  lines  of  posts 
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to  support  the  roof  and  the  4  to  5  feet  of  dirt  on  it;  another  right 
angle  and  distance  of  20  feet  brought  the  water  through  a  section 
32  feet  wide  and  6  feet  liigh  to  a  small  open  forebay,  from  which 
the  water  was  drawn  through  a  second  set  of  racks,  iron  in  this 
case,  into  the  short  wrought  iron  feeders  which  led  directly  to  the 
wheels.  The  water,  therefore,  in  getting  from  the  canal  to  the 
wheels  had,  with  various  conditions  of  velocity  and  rest,  to  pass 
through  two  racks,  turn  two  right  angles  and  force  its  way  by  the 
lines  of  posts,  which  at  the  corners  were  oblique  to  the  path  of  the 
water. 

In  addition  to  these  obstructions,  the  water  was  constantly 
under  a  pressure  of  from  one  to  two  feet  in  going  from  one  rac1< 
to  another,  so  that  the  cross  timbers  supporting  the  roof  formed  a 
continuous  line  of  obstructions  to  the  flow. 

The  loss  of  head  in  getting  from  the  canal  to  the  wheels,  due 
to  this  tortuous  course,  under  the  very  best  conditions  obtainable, 
when  the  canal  was  free  from  leaves,  ice  and  snow,  was  as  follows : 

.Average  Ve- 
Area  of  Cross-       locity  of 
section  of        Waier.  with 
Loss  of  Feeder  in      300  Cubic  Feel 

Head  in       Square  Feet.      per  Second 
Feet.  Approximate.        Passing. 

From  the  canal  through  the  first  rack....     0.09  150  2.00 

From  behind  the  first  rack  down  to  the  be-  1  134.5  2.23 

ginning  of  the  second  right  angle 0.76  \  115.2  2.60 

From    beginning    of    second    right    angle 

through  second  rack 0.14  203.7  1.47 

From  in  front  of  second  rack  to  point  just 

above  the  wheels  or  penstock  gauge,  so 

called    0.32  120.5  2.49 

Total  loss  from  canal  to  penstock  gauges     1.31 

These  average  velocities  are  obtained  by  dividing  the  quantity 
(300  cubic  feet  per  second)  by  the  area  at  the  point  observed.  They 
are  somewhat  misleading,  because  if  the  velocities  had  not  been 
considerably  higher  at  some  parts  of  each  section  the  total  loss  of 
head  would  not  have  amounted  to  1.31  feet.  The  head  required  to 
generate  the  highest  velocity  in  the  table  (2.6  feet  per  second)  is 
but  0.105  feet,  and  the  friction  heads  would  be  low.  with  these 
velocities,  if  there  were  no  obstructions.  I  have  given  them  simply 
to  show  the  effect  of  obstructions  in  consuming  head.  It  is  evident 
that  the  continued  changes  in  velocity,  the  abrupt  turns  and  con- 
stant obstructions  are  of  more  importance  than  the  mere  velocity  of 
the  w^ater.  By  remedying  these  unfavorable  conditions  the  losses 
of  head  were  reduced  to  almost  nothing,  and  this  feeder  was  made 
to  serve  its  purpose  well  without  being  enlarged,  except  by  rais- 
ing the  roof. 
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In  addition  to  a  need  of  more  power  in  the  mill  and  the  saving 
which  would  result  from  stopping  the  steam  engine,  there  were 
other  reasons  for  putting  in  a  new  rack  at  this  time.  The  water 
had  undermined  the  sill  of  the  old  rack  at  one  end,  and  there  were 
several  bad  breaks  in  it  which  had  been  patched,  thereby  increasing 
the  obstructions  to  the  flow  of  the  water.  The  current  towards  the 
rack  in  winter  was  sufficient  to  draw  the  floating  ice  and  snow  and 
plaster  the  upper  part  of  the  rack,  still  further  diminishing  the  area 
through  which  the  water  went  and  making  it  extremely  difiicult  to 
keep  the  rack  clean.  The  i^-inch  spaces  between  the  slats  were  so 
large  that  small  blocks  of  wood,  sticks,  etc.,  went  through  with  the 
water,  making  it  necessary  to  have  an  iron  rack  near  the  wheels, 
which  further  impeded  the  flow  of  water.  The  position  of  the  old 
rack,  the  top  being  above  water,  allowed  scum  and  grease  floating 
in  the  canal  to  be  drawn  into  the  feeder,  making  it  necessary  to 
further  screen  the  water  before  it  could  be  used  for  washing  cloth. 
The  rack,  being  vertical,  was  very  difficult  to  rake  unless  the  canal 
was  drawn  off. 

The  demands  on  a  good  rack,  which  were  certainly  not  ful- 
filled by  this  old  wooden  one,  require  an  area  large  enough  to  let 
the  water  through  with  a  uniformly  low  velocity;  spaces  between 
the  slats  large  enough  to  allow  the  water  to  go  through  readily,  but 
small  enough  to  keep  out  anything  liable  to  injure  the  wheels ;  a 
frame  and  slats  strong  enough  to  resist  the  total  pressure  of  the 
water  when  the  rack  is  plastered  with  ice  for  the  full  depth  and 
the  water  drawn  out  behind  it,  which  might  happen  when  anchor 
ice  is  running;  the  top  of  the  rack  to  be  so  far  below  the  surface  of 
the  water  that  the  area  cannot  be  reduced  by  the  ordinary  accumula- 
tion of  ice  and  snow ;  and  a  surface  easy  to  keep  clean.  The  last 
requirement  is  an  important  one,  as  the  area  of  a  rack  can  be 
reduced  to  almost  nothing  during  certain  seasons  of  the  year  by 
leaves  and  debris  if  it  cannot  be  cleaned  except  by  getting  down 
into  the  bottom  when  the  canal  is  drawn  ofif. 

In  order  to  meet  these  requirements  it  was  found  best  to 
replace  the  wooden  rack  with  an  iron  one,  and  the  writer  was  asked 
to  make,  to  the  Holyoke  Machine  Company,  who  built  the  rack, 
whatever  suggestions  were  necessary  to  make  it  suitable  for  its 
purpose,  and  to  design  and  build  the  foundations  necessary  to  set 
the  rack  in  place.  The  improvement  of  the  feeder  had  been  sug- 
gested previously  to  the  Middlesex  Company,  and  it  was  decided 
by  the  treasurer  of  this  company  to  allow  the  engineer,  in  connec- 
tion with  the  other  work,  to  do  whatever  seemed  necessary  and 
wise   to  improve   the   feeder,   in   order   that   the   water   might   be 
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br^iuglit  to  the  wheels  with  the  least  possible  loss  of  head  consistent 
with  economy.  The  use  of  a  hoisting  engine  and  derrick,  which 
were  necessary  to  build  the  piers  for  the  rack,  made  it  possible  to 
do  the  work  about  the  penstocks  more  economically  at  this  time. 
The  only  requirement  on  the  part  of  the  company  was  that  nothing 
should  be  done  to  interfere  with  the  running  of  the  mills  during 
the  week,  from  Monday  morning  to  Saturday  noon.  This  required 
that  the  work  be  done  from  Saturday  night  to  Monday  morning, 
when  the  canals  are  drawn  off,  and  everything  be  left  secure  when 
the  water  was  let  on.  The  inside  rack,  already  mentioned,  was 
left  in  until  the  work  was  done,  to  protect  the  wheels  from  floating 
bits  of  wood.  Work  was  begun  on  the  last  Sunday  but  one  of 
August,  1899,  and  finished  before  cold  weather  came  on. 

The  main  frame  of  the  new  rack.  Figs.  2  and  3,  is  composed 
of  two  12-inch  steel  I  beams,  weighing  31.5  pounds  per  foot,  placed 
8  feet  10  inches  apart  on  centers,  set  with  the  webs  flat  and  the  ends 
resting  on  pockets  built  in  the  masonry  walls  forming  the  head  of 
the  feeder.  The  one  against  which  the  rack  irons  are  laid  is  51  feet 
4  inches  long.  Both  of  these  I  beams  are  set  with  the  top  of  each 
flange  at  grade  67  on  the  scale  of  heights  used,  or  about  one  foot 
below  the  ordinary  running  mark  of  the  canal. 

The  span  of  50  feet  of  the  longer  12-inch  beam  is  divided  into 
three  parts,  of  16  feet  8  inches  each,  by  two  6-inch  steel  I  beams 
weighing  17.25  pounds  per  foot,  the  upper  ends  of  which  are  fas- 
tened to  the  web  of  the  12-inch  beam  by  angle  irons;  the  lower 
ends,  by  means  of  angle  irons,  are  lag-screwed  to  the  main  sill  sup- 
porting the  entire  rack,  and  not  bolted,  as  the  section  (Fig.  3)  shows 
it.  The  other  12-inch  beam,  also  of  steel,  weighing  31.5  pounds  per 
foot,  is  29  feet  6  inches  long,  the  span  being  two  feet  less  than  this, 
or  the  full  width  of  the  feeder  (Fig.  2).  The  span  of  27  feet  6 
inches  is  divided  into  two,  of  13  feet  8  inches  each,  by  a  Georgia 
pine  pier,  sharpened  back  and  front,  so  as  to  offer  as  little  obstruc- 
tion to  the  water  as  possible.  Two  5-inch  I  beams,  Fig.  3,  weighing 
14.75  pounds  per  foot,  are  placed  between  the  two  12-inch  beams 
at  a  distance  of  5  feet  5  inches  from  each  side  of  the  feeder  and  in 
line  with  the  two  6-inch  beams  mentioned  before.  They  are  level 
with  the  12-inch  beams,  or  a  foot  below  the  running  mark,  and 
serve  to  stiffen  the  rack. 

The  rack  proper  is  50  feet  long  and  10  feet  high  measured 
vertically,  and  has  a  clear  area  for  the  water  of  about  389  square 
feet.  It  is  composed  of  panels  of  4  x  ^-inch  flat  wrought  iron  bars 
10  feet  3f  inches  long.  They  are  held  together  by  four  ^-inch 
bolts  about  2  feet  6  inches  long,  making  a  panel  of  that  width,  with 
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|-inch  washers  to  space  the  bars.  These  bolts  are  not  set  in  the 
middle  of  the  4-inch  bars,  but  back  2^  inches  from  the  front  edge 
for  convenience  in  raking  the  rack.  These  bolts  divide  the  rack 
into  three  sections  of  3  feet  each,  the  top  bolts  being  7  inches  from 
the  end  of  the  rack  and  the  bottom  ones  8|  inches  from  the  sill. 
These  panels  rest  on  the  sill  of  the  rack,  which  will  be  described 
later,  and  lean  against  the  outer  flange  of  the  12-inch  I  beam,  each 
panel  being  hooked  to  the  I  beam  to  prevent  the  rack  from  being 
pushed  out  into  the  canal.  The  rack  has  a  batter  of  2  feet  6  inches 
in  the  10  feet  3f  inches,  which  slope  makes  it  possible  to  rake  the 
panels  from  the  bottom  up.  The  washers  between  the  rack  irons, 
which  form  the  only  obstruction  to  raking,  are  set  back  2^  inches 
from  the  front,  as  mentioned  before,  and,  being  rounded,  they  allow 
the  teeth  of  the  rake  to  pass  between  the  rack  irons  without  catch- 
ing. Each  panel  of  the  rack  was  painted  with  black  coal  tar  paint 
before  being  set  in  place. 

The  walls  which  support  the  ends  of  the  two  1 2-inch  beams 
carrying  the  rack  form  the  head  of  the  feeder.  They  are  built 
upon  the  ends  of  a  wooden  floor  for  a  distance  of  16  feet  from  the 
sill  supporting  the  racks  back  into  the  feeder,  and  form  an  opening 
which  is  ample  to  carry  the  water  from  behind  the  racks  into  the 
feeder  proper  without  requiring  any  new  loss  of  head  in  generating 
an  increased  velocity.  The  form  of  the  opening  behind  the  racks 
was  such  that  each  foot  of  rack,  even  to  the  extreme  ends,  would 
furnish  its  proportional  amount  of  water. 

The  floor  mentioned.  Fig.  3,  was  laid  lengthwise  with  the  line 
of  the  feeder,  over  sills  made  up  of  2-inch  spruce  plank  12  inches 
wide,  to  the  bottom  of  which  were  spiked  three-cornered  cleats  of 
spruce.  These  sills  were  laid  in  trenches  dug  just  wide  enough  to 
get  them  in  and  the  cleats  covered  with  stone,  and  in  some  cases, 
where  the  material  was  wet,  with  concrete.  These  sills  were  laid 
at  such  a  grade  as  would  just  allow  the  2-inch  spruce  planking, 
planed  on  the  upper  side,  to  be  bent,  from  the  sill  on  which  the  rack 
rested,  over  the  12-inch  sills  to  the  grade  required  at  the  end  of  the 
16-foot  section.  The  sill  to  which  the  planking  was  spiked  was 
composed  of  a  10  x  12-inch  Georgia  pine  timber,  the  top  of  which 
was  beveled  to  receive  the  two  6-inch  beams  forming  the  frame- 
work of  the  rack.  To  the  back  of  this  timber  was  nailed  a  cleat 
which  was  covered  with  concrete  and  stones,  the  trench  being  dug 
wide  enough  to  allow  stones  a  foot  wide  to  be  laid  upon  the  cleat. 

Spiked  to  this  10  x  12-inch  timber,  and  in  front  of  it,  was  a 
4  X  lo-inch  Georgia  pine  timber  with  its  top  4  inches  below  the  top 
of  the  main  sill,  fashioned  to  receive  the  rack  irons.     The  toe  piling, 
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sliown  on  the  section,  was  composed  of  3-inch  tonj^ucd  and  grooved 
spruce  plank,  driven  as  far  as  possible  by  hand  to  depths  from  2  to 
4  feet  below  the  top  grade,  as  shown.  This  sheet  piling  was  cut 
off  a  few  inches  below  the  top  of  the  sill  to  provide  for  a  possible 
flooring  of  the  canal  outside  of  the  rack. 

With  the  draft  through  the  rack  so  light,  on  account  of  the 
increased  area  of  the  new  rack,  there  may  be  some  depositing  of 
material  on  the  bottom  at  the  end  of  the  floor,  on  account  of  its 
being  nearly  two  feet  lower  than  the  general  level  of  the  bottom ; 
but  if  provision  is  made  for  using  nearly  double  the  present  quan- 
tity of  water  no  such  deposit  will  occur,  and  the  area  at  this  low- 
level  offsets  that  lost  by  burying  the  top  of  the  rack  under  water. 


Fig.  4. 


The  new  sill,  besides  being  two  feet  lower,  was  located  some 
few  feet  in  front  of  the  old  one,  and  the  two  piers  supporting  the 
ends  of  the  I  beams  were  entirely  outside  the  old  feeder.  These 
conditions  allowed  the  new  sills  and  a  part  of  the  flooring  and  walls 
to  be  put  in  without  disturbing  the  old  feeder.  Fig.  4  shows  the 
new  sill  in  front  of  the  old  feeder  and  the  new  floor  being  laid. 

The  front  of  the  pier  is  laid  to  the  same  batter  as  the  rack 
irons  when  in  place.  The  two  piers  at  the  head  of  the  feeder,  and 
a  part  of  the  feeder  wall,  were  built,  before  the  old  feeder  was 
taken  out  of  the  way,  with  a  derrick,  which  was  on  the  old  feeder 
and  placed  so  as  to  reach  either  pier  at  will.  This  made  it  possible 
to  fill  in  behind  both  piers  and  prevent  any  washing  of  the  hank 
here  during  the  week  when  the  mills  were  running. 


30 


ASSOCIATION  OF  ENGINEERING  SOCIETIES. 


While  the  two  walls  at  the  head  of  the  feeder,  and  the  sills  and 
floor  were  being  built  about  2500  yards  of  material  had  been  taken 
off  the  top  of  the  feeder  around  to  the  mill  wall,  the  last  foot  in 
depth  being  removed  after  the  canals  had  been  drawn  off  the  Satur- 
day night  before  Labor  Day.  During  the  next  two  days  the  roof 
timbers  and  planking  forming  the  top  of  the  old  feeder  were  jacked 
up  and  lifted  about  three  feet  to  a  point  above  the  high-water  mark 
in  the  canal,  and  the  blocking  securely  fastened  so  that  it  would 
not  float  away  during  the  week.  The  walls  were  built  up  to  meet 
the  ends  of  the  timbers  supporting  the  roof,  and  a  new  line  of 
8  X  4-inch  spruce  posts  was  put  in  on  the  middle  line  of  the  feeder 
and  sheathed  on  both  sides  with  i-inch  boards,  smooth  on  the  water 


Fig.  5- 

side,  making  two  continuous  partitions  from  a  point  12  feet  back 
of  the  new  rack  to  the  end  of  the  section  150  feet  long.  The  walls 
were  rebuilt,  and  the  corners  rounded  off  with  a  rubble  masonry 
wall  pointed  up  as  smoothly  as  possible. 

Fig.  5  shows  well  the  rack  in  place  and  the  new  central  line  of 
posts  supporting  the  roof. 

As  the  old  yellow  pine  cross  timbers  supporting  the  roof  were 
sound,  and  as  they  can  be  renewed  readily,  they  were  reset ;  the 
planking  was  patched  up  where  necessary,  and  about  one  foot  of 
earth  was  put  back  over  the  roof  and  graded  off.  There  is  left 
above  the  water  an  air  space  of  about  6  inches  and  a  foot  of  dirt, 
which  during  the  past  winter  has  been  sufficient  to  keep  the  water 
in  the  feeder  from  freezing. 
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At  the  lower  end  of  the  feeder,  at  the  second  right  angle,  the 
masonry  wall  was  built  around  to  the  mill  only  on  one  side;  on  the 
other  side  the  curve  was  made  by  a'  wooden  sheathed  wall.  The 
situation  of  the  wheels  was  such  that  it  became  necessary  to  put 
in  what  might  be  called  a  curved  arrow-head  of  wooden  sheathing 
in  order  to  bring  the  water  to  the  wheels  by  an  easy  turn  without 
changing  the  velocity.  This  simply  required  taking  out  all  posts 
and  putting  in  new  ones  on  the  line  of  the  proposed  sheathing  and 
bending  the  i-inch  boards  to  the  posts  as  laid  out  on  the  curve. 
The  posts,  to  which  the  sheathing  was  nailed,  carry  the  floor  tim- 
bers as  rearranged.  The  sheathing  was  not  carried  further  down 
than  a  point  within  3  feet  of  the  floor,  in  order  that  there  might  be 
an  opening  from  one  feeder  to  the  other  in  case  one  wheel  only  was 
running  and  it  was  necessary  to  use  both  feeders  to  supply  it. 

During  the  rebuilding  of  this  feeder  it  was  found  that  an  old 
leak  near  the  outside  lower  corner  of  the  feeder  had  increased 
materially,  due  to  the  greater  head  on  the  leak  caused  by  the  im- 
provements. A  row  of  2-inch  tongued-and-grooved  sheet  piling 
12  feet  long  was  placed  in  the  middle  of  a  trench  3  feet  wide,  at  a 
distance  of  6.5  feet  from  the  line  of  the  old  feeder  down  to  a  point 
below  the  bottom  of  the  feeder,  the  top  being  well  above  high- 
water  mark ;  and  the  trench  was  filled  in  on  both  sides  of  the  piling 
with  the  best  puddling  material  available  on  the  work.  This 
stopped  the  leak  entirely,  and  it  afifords  a  complete  protection  to  the 
basements  of  the  mills,  which  are  about  8  feet  below  the  height  of 
the  water  in  the  bank  back  of  this  sheet  piling. 

The  bottom  of  the  feeder  was  not  changed,  excepting  the  floor 
put  in  at  the  head  of  the  feeder  and  already  described.  The  bottom 
is  composed  of  loose  gravel  and  stone,  with  the  ledge  appearing  in 
several  places.  This  was  simply  cleaned  up  and  left  as  smooth  as 
scraping  could  make  it.  The  gain  due  to  diminishing  the  friction 
by  the  removal  of  the  posts  and  the  rounding  of  the  corners  was  so 
great  that  it  did  not  seem  necessary  to  floor  the  feeder  at  present. 
It  may  be  wise  at  some  future  time,  when  the  draft  through  tiie 
feeder  becomes  greater,  to  lay  a  floor  the  entire  length. 

The  difficulties  attending  work  of  this  character  are  principally 
due  to  the  short  time  possible  for  the  completion  of  each  section  of 
the  work. 

The  work  would  probably  not  have  been  undertaken  by  the 
Middlesex  Company  if  there  had  been  any  stopping  of  their  work 
during  the  regular  week  of  fifty-eight  hours,  from  Monday  morn- 
ing to  Saturday  noon.  From  the  time  the  water  was  drawn  off  on 
Saturday  night  until  Monday  morning  at  six  o'clock,  the  work  was 
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so  carried  out  that  everything  was  in  readiness  to  leave  when  the 
water  was  turned  on.  It  required  the  attention  of  an  engineer  on 
the  work  continuously,  to  see  that  the  work  was  carried  on  as 
expeditiously  as  possible. 

Outside  of  these  limitations  of  time,  there  were  no  unusual 
difficulties  except  the  necessity  of  handling  large  quantities  of 
water  by  pumps  until  the  canal  was  entirely  drained  off.  The 
material  in  the  bottom  was  shoveled  into  dirt  boxes  and  hoisted 
out  by  the  derrick,  deposited  in  piles  and  removed  during  the  week. 
The  laying  of  the  sills  and  floor  and  other  woodwork  was  done  by 
carpenters  furnished  by  the  Middlesex  Company ;  and  all  other 
work,  including  stone  cutting,  by  a  contractor,  who  furnished  men 
and  tools  for  a  percentage  of  the  cost  of  labor  and  materials  used. 

The  masonry  work  was  all  granite  rubble,  laid  in  American 
Hoffman  cement,  excepting  the  piers  at  the  head,  which  were  cut 
from  granite  blocks  to  dimension  by  a  stone  cutter  in  the  yard ;  laid 
as  carefully  as  possible  to  line  and  grade,  and  pointed  off  smoothly 
on  the  inside  or  water  side. 

This  work  was  completed  during  the  Sundays  of  August, 
September,  October  and  November,  1899.  The  first  Monday  of 
September  being  a  mill  holiday  made  it  possible  to  have  two  days 
in  succession,  and  some  of  the  more  difficult  work  of  lifting  the 
roof  and  getting  in  the  sills  was  done  then.  Some  of  the  material, 
down  to  the  water,  could  be  stripped  off  during  the  ordinary  work- 
ing days,  and,  by  building  certain  sections  of  the  masonry  up  above 
water  line,  the  rest  could  be  finished  during  the  day  or  night.  This, 
however,  was  a  small  part  of  the  whole,  most  of  the  work  being 
done  Saturday  night  and  Sunday.  It  was  necessarily  expensive 
work,  as  all  labor  was  paid  for  at  the  rate  of  time  and  one-half  for 
night  and  Sunday  work,  and  it  is  not  possible  to  get  a  good  class  of 
labor  for  work  of  this  character.  The  total  cost  of  all  the  work, 
including  engineering  and  contractors'  percentage,  was  about 
$5000. 

The  following  table  shows  the  height  of  water  at  dift'erent 
points,  from  the  Lower  Pawtucket  Canal,  through  the  feeder,  tO' 
just  above  the  wheels,  before  and  since  the  improvements  were 
made: 

July  22,  1898.  January  23,  1900. 

Lower  Pawtucket  Canal 68.12  68.10 

Just  inside  rack  at  liead  of  feeder 68.03  68.02 

Beginning  of  second  right  angle 67.27  67.98 

Above  location  of  old  iron  rack 67.13  68.03 

Just  above  wheels    (penstock   gauges) 66.805  67.95 

Quantity  passing,  cubic  feet  per  second....  30i-9  280.3 
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W'itli  the  water  in  the  canal  at  about  the  satnc  heij^ht  as  before 
the  improvements  were  made,  the  total  effective  head  on  the  wheels 
(now  20.16  feet)  is  1.16  f-eet  (or  6  per  cent.)  greater  than  it  was 
before,  the  water  being  but  0.15  foot  lower  at  the  wheels  than  in  the 
canal  after  passing  through  the  racks  and  feeder,  instead  of  1.31 
feet,  as  it  was  formerly.  This  increased  head  makes  it  possible  to 
draw  about  3  per  cent,  more  water  through  the  same  wheels  than 
before,  which  amount  of  water  is  available  as  power  with  the  total 
fall  as  improved.  The  gain  is  about  50  horse  power;  worth  to  the 
mill  probably  $1500  a  year,  in  addition  to  the  saving,  in  labor,  of 
clearing  the  racks  in  winter.  The  cjuantity  running  on  the  23d  of 
January,   1900.  was  not  quite  as  large  as  that  on  July  22,   1898. 
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Hence  the  foregoing  table,  which  shows  the  losses  of  head  on  those 
dates,  is  somewhat  in  favor  of  the  conditions  as  improved. 

A  comparison,  under  ordinary  working  conditions  in  the  mill, 
on  two  days  when  the  quantity  drawn  through  the  feeder  was  the 
same  shows  the  following  losses  of  head  from  the  Lower  Pawtucket 
Canal  to  the  penstock  gauges : 

December  9,  i8q8.  April  5,  i>ioo. 

Lower  Pawtucket  Canal 68.10  68.10 

Just  above  wheels  (penstock  gauges) 67.02  67.93 

Loss  of  head  from  canal  to  just  above  wlicels, 

in  feet io8  0.17 

Saving  in  loss  of  head •  •  •  •  0-9^ 

Quantity  drawn  through   feeder   in   cubic   feet 

per    second 282.8  282. i 
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There  was  no  loss  through  the  feeder  from  "just  inside  rack 
at  head  of  feeder"  to  gauge  "above  location  of  old  iron  rack"  on 
January  23,  1900,  as  against  0.9  foot  on  July  22,  1898.  The  latter 
loss,  with  280.3  cubic  feet  per  second,  or  the  same  quantity  running 
as  on  the  first  date,  would  have  been  about  0.77  foot.  This  differ- 
ence of  0.77  foot  shows  the  loss  through  the  feeder  due  to  the  posts 
and  the  sharp  turns. 

In  addition  to  the  actual  gain  in  effective  head,  the  freedom 
from  trouble  by  ice  and  snow  is  a  very  important  help.  With  the 
top  of  the  new  rack  under  water  there  is  little  chance  of  its  being 
plastered  up  with  ice  and  snow,  which  formerly  necessitated  the 
shutting  down  of  the  mills  until  the  racks  could  be  cleaned,  and 
required  a  number  of  men  for  several  hours  during  the  winter  sea- 
son. Only  two  shut-downs  were  necessary  during  the  past  winter. 
This  is  a  very  noticeable  improvement,  because,  although  it  was  a 
mild  winter,  the  amount  of  anchor  ice  was  unusually  large. 

Fig.  6  shows  the  pile  of  debris  which  has  been  taken  from  the 
rack  up  onto  the  platform  above  it. 

It  is  not  intended  to  create  the  impression  that  this  work  was 
of  any  considerable  magnitude.  It  is  simply  an  example  of  the 
many  interesting  problems  which  come  up  in  a  place  like  Lowell, 
Mass.,  where  a  hydraulic  engineer  is  asked  to  improve  the  water 
power  in  the  short  time  available  out  of  mill  hours ;  and  where  the 
work  is  appreciated  not  solely  for  actually  increasing  the  water 
power  of  the  mill,  but  for  simplifying  the  conditions  under  which 
the  water  power  can  be  controlled. 

In  the  design  and  execution  of  this  work  I  have  had  the 
assistance  of  Mr.  George  W.  Mansur,  of  Lowell,  Mass.,  and  I  am 
deeply  indebted  to  him  for  his  interest  and  energy  in  obtaining  the 
results  required. 
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THi:  IMDIKIL  SVS  11:31. 

A  Decimal  System  of  AVeijfhts  and  Measures  lor  the  l^ii^lish- 
Speakiiig'  People. 


By  a.  Lincoln  Hyde,  Ph.B.,  Member  of  the  Civil  Engineers'  Club 

OF  Cleveland. 


[Read  before  the  Club,  June  12,  1900.*] 
"Progress  is  the  law  of  life,"  said  Robert  Browning,  and  I 
believe  we  all  agree  that  we  live  to  progress.  Man  was  given 
senses  to  appreciate  nature,  and  a  brain  to  adapt  the  products  and 
forces  of  nature  to  his  convenience  and  comfort.  The  inventive 
mind  is  ever  at  work  in  an  endeavor  to  discover  a  new  force,  or  a 
new  method  of  applying  a  known  force.  The  tendency  is  ever 
toward  simplicity,  ever  toward  economy.  The  effort  of  the  me- 
chanical engineer  is  to  reduce  the  number  of  working  parts  of  a 
machine,  to  reduce  the  friction,  to  obtain  the  best  possible  results 
with  the  least  expenditure  of  energy. 

In  the  June  number  of  the  Century,  Mr.  Nikola  Tesla  has  a 
paper  entitled  "The  Problem  of  Increasing  Human  Energy." 
The  problem  with  which  we  have  to  deal  to-night  is  the  problem 
of  saving  mental  energy.  A  system  of  coinage  is  a  convenience 
for  the  measure  of  values,  and  a  system  of  weights  and  measures 
i?  a  convenience  for  the  measure  of  materials.  No  fault  is  found 
with  the  system  of  coinage  in  use  in  the  United  States,  but  the 
prevailing  system  of  weights  and  measures  is  far  from  being  the 
most  convenient  that  could  be  used.  A  new  system  is  suggested. 
It  is  founded  on  the  common  unit  of  the  present  system.  The 
number  of  working  parts  has  been  reduced  to  reasonable  limits  and 
the  parts  themselves  have  been  made  as  simple  as  possible. 

As  far  as  its  application  to  abstract  numbers  is  concerned,  the 
Arabic  or  decimal  system  of  notation  has  been  accepted  as  best  by 
all  nations.  To  the  French  people  belongs  the  credit  of  first  hav- 
ing applied  it  to  a  standard  of  weights  and  measures.  Although 
the  suggestion  of  such  action  was  made  in  the  time  of  Philippe  le 
Bel,  who  reigned  from  1285  to  1314,  the  scheme  did  not  take  definite 
form  until  1790,  when  proposals  were  made  by  the  French  Govern- 
ment to  the  British  for  a  meeting  of  an  equal  number  of  members 
from  the  Academy  of  Sciences  and  the  Royal  Society  of  London, 
with  a  view  to  making  a  new  system  of  measures.  The  proposals 
were  not  favorably  received  by  the  British,  and  the  French,  im- 
patient to  effect  the  much-needed  reform,  appointed  the  commission 
which  evolved  the  metric  system.     This  system  received  legal  sanc- 

*Manuscript   received   June    14,    1900. — Secretary,    Ass'n   of   Eng.    Socs. 
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tion  by  the  French  Government  November  2,  1801,  and  has  been 
the  only  system  in  general  use  in  France  since  1840. 

It  might  be  said  that  if  the  overtures  made  by  the  French  in 
1790  had  met  tHe  favorable  consideration  of  the  British,  the  metric 
system  would  have  been  the  universal  and  only  system  in  use  to- 
day. Little  is  gained  by  dwelling  on  what  might  have  been.  It  is 
far  better  for  us  to  adapt  ourselves  to  the  conditions  as  we  find 
them,  and  to  date  our  efforts  in  the  line  of  progress  from  the 
present. 

The  metric  system  was  the  result  of  careful  deliberation  and 
logical  reasoning.  Its  practical  use  has  developed  two  points.  The 
number  of  terms  for  units  adopted  was  too  large,  and  the  terms 
themselves  are  too  cumbersome  for  general  practice.  About  one- 
half  the  number  of  terms  adopted  are  in  common  use,  and  it  has 
been  found  necessary  to  abbreviate  these  and  to  designate  them  by 
rheir  initial  letters. 

The  metric  system  was  at  first  met  with  the  opposition  of 
prejudice  and  lack  of  appreciation,  and  was  nearly  a  half-century 
in  establishing  itself  in  the  country  which  created  it.  Its  value 
was  recognized  at  once,  however,  by  scientists,  and  its  use  was  legal- 
ized by  the  several  greater  nations.  Germany  very  gracefully 
adopted  it  immediately  after  the  close  of  the  Franco-Prussian 
War,  and  Russia  accepted  it  about  a  year  ago.  It  is  the  standard 
of  Italy,  Spain  and  Mexico,  as  well  as  that  of  almost  all  of  the 
smaller  countries.  It  is  stated  as  true  that  the  metric  system  is 
now  used  by  the  majority  of  the  people  of  the  globe,  but,  not- 
withstand  this  fact,  if  it,  indeed,  be  a  fact,  the  two  great  manufac- 
turing nations  of  the  world.  Great  Britain  and  the  United  States, 
have  not  yet  seen  fit  to  adopt  it. 

The  reason  for  suggesting  a  decimal  system  of  weights  and 
measures  for  the  English-speaking  nations  is  due  to  the  fact  that  the 
numerous  and  strenuous  efforts  to  have  the  use  of  the  metric  sys- 
tem made  compulsory  in  Great  Britain  and  the  United  States  have 
ignominiously  failed.  The  development  of  industries  in  these 
countries  has  been  so  great  and  along  such  lines  that  they  are  grow- 
ing away  from  rather  than  towards  the  use  of  the  metric  system. 

The  most  just  opposition  to  the  introduction  of  the  metric 
system  into  the  United  States  to-day  is  met  in  the  machine  shop. 
The  amount  of  capital  invested  in  machinery  and  in  the  manufac- 
ture of  machinery  is  so  enormous  as  practically  to  prohibit  the 
adoption  of  this  admirable  system. 

It  does  not  necessarily  follow  that  because  we  cannot  accept 
the  metric  system,  we  must  bend  forever  beneath  the  burden  of  our 
present  brain-fagging  and  error-producing  systems. 
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In  these  days  of  advancement  it  is  an  unnatural  retardation 
of  progress  to  cling  tenaciously  to  systems  of  linear  and  surface 
measure  with  arbitrary  modes  of  division ;  to  cling  to  three  systems 
of  measure  of  capacity  when  one  will  suffice;  to  cling  to  three 
systems  of  weight.  An  improvement  on  the  present  practice  must 
be  made  sooner  or  later. 

The  surveyor,  for  his  convenience,  has  divided  the  foot  into 
tenths,  hundredths  and  thousandths,  but  for  the  machine  shop  and 
the  rolling  mill  the  foot  is  no  better  than  the  meter  as  a  basis  of  a 
decimal  system. 

The  inch,  however,  is  a  unit  common  to  all,  and  is  the  logical 
basis  for  a  decimal  system  of  weights  and  measures.  The  fractions 
of  an  inch  in  general  use  are  exact  decimals  of  an  inch.  The 
micrometer  scales  in  the  machine  shop  and  in  the  physical  labora- 
tory read  to  tenths,  hundredths  and  thousandths  of  an  inch. 
Nominally,  the  yard  is  the  standard  of  English  measure,  and  the 
foot  and  the  inch  are  subdivisions  of  the  yard.  In  reality  the  inch 
is  the  common  unit  of  English  measure,  and  should  be  adopted  as 
the  standard.  The  inch  is  already  divided  decimally.  Let  us 
multiply  it  by  ten  for  a  new  unit,  and  let  us  multiply  this  new  unit 
by  ten  for  another,  and  so  on,  until  a  sufficient  number  of  units  has 
been  obtained  to  meet  our  needs.  The  time  is  ripe  for  the  banish- 
ment of  both  the  foot  and  the  yard. 

Let  us  build  a  decimal  system  of  weights  and  measures  on  the 
inch  as  a  basis. 

We  have  stated  that  the  only  just  opposition  to  the  metric 
system  has  come  from  the  machine  shop.  In  building  a  decimal 
system  on  the  inch  we  cannot  be  met  with  just  opposition  from  the 
machine  shop;  we  cannot  be  met  with  just  opposition  from  the  sur- 
veyor; we  cannot  be  met  with  just  opposition  from  any  source. 

In  selecting  unit  terms  for  the  proposed  system  let  us  profit 
by  the  experience  of  the  metric  system.  Four  terms  each  for  units 
of  length,  area,  capacity  and  weight  will  be  sufficient  for  all  ordi- 
nary purposes.  Let  us  make  our  terms  so  simple  that  they  will 
require  no  abbreviation.  Let  us  agree  that  the  plurals  r»f  the  terms 
shall  be  the  same  as  the  singulars. 

In  introducing  new  words  into  the  English  language  it  is  cus- 
tomary to  borrow  from  some  foreign  language — living  or  dead. 
Let  us  be  bold  enough  to  coin  the  terms  necessary  for  our  use  from 
the  raw  material  of  the  alphabet.  Two  letters,  one  vowel  and  one 
consonant,  are  sufficient  to  form  a  pronounceable  word,  and  one 
that  will  require  no  abbreviation.     Let  us  so  form  our  terms. 
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Starting  with  linear  measure,  we  know  that  the  word  inch  is 
usually  abbreviated  to  in  by  those  who  have  occasion  frequently  to 
use  the  word.  Let  us  accept  this  as  satisfactory  for  one  term,  and 
for  the  other  three  terms  let  us  combine  the  same  vowel  i  with  three 
such  consonants  as  will  prevent  any  one  term  being  mistaken  for 
any  other  term,  either  in  writing  or  speaking.  The  three  conso- 
nants d,  k  and  /  will  meet  these  requirements,  and  our  terms  will  be 
in,  id,  ik  and  il. 

For  the  units  of  surface  measure  let  us  simply  abbreviate  the 
word  square  to  sq,  and  add  respectively  the  terms  selected  for  linear 
measure.  Our  terms  for  units  of  measure  of  area  will  be  sqin,  sqid, 
sqik  and  sqil. 

In  selecting  terms  for  designating  units  of  capacity  let  us 
agree  at  the  outset  that  one  set  of  terms  for  units  of  cubical  con- 
tents of  all  kinds  will  suffice.  Let  us  abbreviate  the  word  cubic  to 
ciih,  and  add  respectively  the  terms  for  linear  measure  as  before. 
Our  terms  for  units  of  measure  of  capacity  will  be  cubin,  ciibid, 
cubik  and  cubil. 

In  a  similar  manner  let  us  select  terms  for  units  of  weight. 
We  can  do  no  better  than  follow  the  example  of  the  metric  system 
in  selecting  the  basis  for  our  system  of  weights.  Let  us  use  the 
weight  of  one  cubic  inch  or  cubin  of  distilled  water  at  its 
greatest  density,  4  degrees  Centigrade,  the  barometer  standing  at 
30  inches  or  3  id.  Let  us  designate  the  units,  tens,  hundreds  and 
thousands  of  this  weight  by  simple  terms  coined  as  before  from  two 
letters.  Let  us  use  the  first  letter  of  the  alphabet  for  the  vowel  in 
connection  with  the  same  consonants  used  in  our  terms  for  linear 
measure,  and  in  the  same  order.  Our  terms  for  units  of  weights 
will  be  an,  ad,  ak  and  al. 

Our  tables  of  value  are  simple,  and  are  as  follows : 


Measure 

OF  Length. 

In 

I  in 

I  inch 

Id 

10  in 

10  inches 

Ik 

100  in 

100  inches 

11 

1,000  in 

1,000  inches 

Measure  of  Surface. 


Sqin 

I  scjin 

I  square  inch 

Sqid 

100  sqin 

100  square  inches 

Sqik 

10,000  sqin 

10,000  square  inches 

Sqil 

1,000,000  sqin 

1,000,000  square  inches 
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Cuhin 

I  rubiii 

I  cubic  inch 

Cubid 

i.ooo  cubin 

i,co<)  cubic  inclKS 

Cubik 

i.ooo.uoo  cubin 

1,000,000  cubic  inches 

Cubil 

1,000,000,000  cubin 

1,000,000,000  cubic  inches 

Weight. 

An 

I  an 

weight  of 

I  cubic  inch      of  water 

Ad 

10  an 

weight  of 

10  cubic  inches  of  water 

Ak 

100  an 

weight  of 

100  cubic  inches  of  water 

Al 

1,000  an 

weight  of  I 

,000  cubic  inches  of  water 

In  order  to  distinguish  the  proposed  decimal  system  of  weights 
and  measures  from  the  prevaiUng  systems,  let  us  give  it  a  name. 
If  we  combine  the  terms  selected  for  units  of  linear  measure  in 
regular  order  we  shall  have  the  word  in-id-ik-il.  This  is  certainly 
euphonious  and  easily  remembered.  Further,  it  is  a  master  key  to 
the  entire  system,  the  substitution  of  the  vowel  a  for  the  vowel  t 
giving  the  key  to  the  system  of  weights. 

Having  decided  upon  our  units,  it  is  a  simple  matter  to  make 
a  table  of  equivalents  for  use  during  the  transition  period.  To 
reduce  from  the  common  or  English  system  to  tlie  inidikil  system 
it  is  only  necessary  to  reduce  to  inches,  square  inches  or  cubic 
inches,  as  the  case  may  require,  and  to  put  the  decimal  point  in  the 
proper  place.  The  reduction  of  weights  from  one  system  to  the 
other  is  also  very  easily  effected. 

Tables  showing  the  precise  equivalents  of  the  common  units 
of  the  three  systems,  English,  metric  and  inidikil,  each  in  terms  of 
the  other  two  are  given  on  pages  43,  44  and  45,  and  a  table  of 
precise  equivalents  of  the  common  units  of  the  inidikil  and  metric 
systems,  each  m  terms  of  the  other,  is  given  on  page  46. 

In  the  table  of  precise  equivalents  now  in  general  use  by  those 
who  have  occasion  to  translate  from  the  English  to  the  metric  sys- 
tem and  vice  versa, — comprising  the  tables  on  pages  43  to  45  with 
the  middle  column  omitted, — there  are  thirty-nine  factors,  while 
in  the  table  on  page  46,  which  would  be  used  if  the  proposed 
inidikil  system  were  adopted,  there  are  but  six. 

The  advantages  claimed  for  the  inidikil  system  are  the  advan- 
tages which  obtain  in  the  use  of  any  decimal  system ;  the  ease  with 
which  the  change  from  the  English  system  can  be  made ;  the  close 
relationship  to  the  metric  system;  the  simplicity  of  the  system  itself, 
and  the  economv  resulting  from  its  use. 
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The  advantages  of  a  decimal  system  are  too  well  known  to  re- 
quire demonstration.  A  mental  comparison  of  the  monetary  sys- 
tems of  Great  Britain  and  the  United  States  is  sufficient  to  convince 
the  average  mind. 

The  ease  with  which  the  change  can  be  made  must  readily  be 
comprehended.  For  the  present  it  simply  means  the  adoption 
of  one  new  unit-term  equal  to  ten  inches.  Time  can  be  taken  to 
perfect  the  suggested  system  and  to  make  provision  for  the  change. 
The  inch  is  already  establishing  itself  as  the  only  unit  of  linear 
measure  in  the  machine  shop.  In  the  rolling  mill  the  widths  and 
thicknesses  of  all  plates,  the  sizes  and  thicknesses  of  all  shapes,  are 
given  in  inches.  In  the  boiler  shop  all  dimensions  of  plates  are 
given  in  inches.  All  dimensions  of  plate  glass  are  given  in  inches. 
The  dimensions  of  pictures  in  our  art  galleries  are  given  in  inches. 
The  widths  of  cloth,  wall  paper,  carpeting,  draperies,  etc.,  are 
given  in  inches.  Then  why  not  all  dimensions  of  all  materials  in 
inches  or  in  decimal  multiplications  or  decimal  divisions  of  the 
inch? 

The  plasterer  measures  his  surfaces  with  a  foot  rule,  computes 
his  areas  in  square  feet  and  faithfully  divides  by  nine  to  reduce  to 
square  yards.  The  stone  mason  also  measures  his  work  with  a 
foot  rule,  computes  his  contents  in  cubic  feet  and  divides  by  twenty- 
seven  to  reduce  to  cubic  yards.  And  this,  day  in  and  day  out,  year 
in  and  year  out,  on  every  job  that  is  figured.  Surely,  some  men 
must  love  work  for  work's  sake,  since  nothing  is  accomplished  by 
these  long-continued  senseless  operations.  But  it  is  custom! 
Energy  always  has  been  wasted  in  this  way;  it  has  come  to  be 
an  established  custom  to  waste  energy  in  this  way,  therefore  we 
must  always  waste  energy  in  this  way! 

We  have  made  some  progress.  When  we  think  of  the  list  of 
terms,  including  the  barleycorn,  inch,  digit,  palm,  hand,  link,  span, 
foot,  cubit,  yard,  ell,  fathom,  rod  or  pole,  chain,  furlong,  cable's 
length,  statute  mile,  nautical  mile,  knot,  league,  square  inch,  square 
foot,  square  yard,  square  of  one  hundred  square  feet,  square  rod 
or  perch,  rood,  acre,  quarter-section,  square  mile  or  section,  town- 
ship, cubic  inch,  cubic  foot,  cubic  yard,  perch  of  sixteen  and  one- 
half  cubic  feet,  perch  of  twenty-two  cubic  feet,  perch  of  twenty- 
four  and  three-quarters  cubic  feet,  ton  of  one  hundred  cubic  feet, 
cord,  fluid  minim,  drachm  and  ounce,  liquid  gill,  pint,  quart  and 
gallon,  dry  quart,  peck  and  bushel,  grain,  scruple,  pennyweight, 
drachm,  ounce  (Troy),  ounce  (avoirdupois),  pound  (Troy),  pound 
(avoirdupois),  stone,  quarter,  quintal,  hundredweight,  net  ton  and 
gross  or  long  ton,  when  we  think  of  the  sea  of  radices:  2,  3,  j..  5.5. 
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6.  7^)2.,  8,  9,  12,  14,  16,  1 0.5,  20,  2.2,  24,  24.75,  -7.  -^'  3^«  4^'  66, 
80,  100,  112,  120,  128,  144,  160,  231,  437.5.  480.  1728.  2150.42, 
etc. — when  we  think  of  all  this,  we  cannot  help  feelinf.,^  that  we  have 
made  some  progress.  But  we  have  not  made  sufficient  progress. 
Even  now  our  system  of  weights  and  measures  is  "an  unweeded 
garden  that  grows  to  seed;  things  rank  and  gross  in  nature  possess 
it  merely."  A  system  of  twelve  simple  terms  with  a  single  radix, 
ten,  is  sufficient  for  the  convenient  handling  of  the  general  business 
of  the  English-speaking  nations. 

Simplicity  is  claimed  for  the  proposed  iiiidikil  system  and  a 
comparison  in  parallel  of  the  three  systems,  English,  metric  and 
iiiidikil.  will  bear  out  this  claim. 


luidikil. 
in 
id 
il 

sqin 
sqid 
sqil 
cubin 
cubid 
cubik 
an 
ad 
a! 


English.  Metric. 

inch  millimetre 

foot  centimetre 

yard  metre 

mile  kilometre 

square  inch  centare 

square  foot  are 

square  yard  hectare 

square  cubic  centimetre 

acre  litre 

cubic  inch  cubic  metre 

cubic  foot  gram 

perch  tonne 

cubic  yard  kilo 

cord 
minim 
drachm 
ounce 
gill 
pint 
quart 
gallon 
quart 
peck 
bushel 
grain 
scruple 
pennyweight 
drachm 
ounce  (Troy) 
ounce  (Av'd) 
pound  (Troy) 
pound  (Av'd) 
hundredweight 
ton  (net) 
ton  (gross  or  long) 

Economy  is  also  claimed.  To  the  person  who  does  not  use 
weights  and  measures  the  system  signifies  little  or  nothing,  but  to 
the  man  whose  daily  work  is  made  up  of  arithmetical  operations  in- 
volving terms  representing  weights  and  measures  it  signifies  much. 
Aside  from  the  bookkeeper,  who  uses  figures  to  represent  dollars 
and  cents,  and  who,  in  this  respect,  is  well  taken  care  of  l)y  a  deci- 
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mal  system,  the  structural  draftsman,  perhaps,  uses  the  most  figures 
in  his  work.  Next  in  order  come  the  architect,  civil  engineer  and 
mechanical  engineer. 

To  prove  our  claim  of  economy,  let  us  again  try  the  "deadly 
parallel."  I  give  below  one  line  of  dimensions  taken  from  the 
working  drawing  for  an  ordinary  built-up  column  composed  of  two 
ten-inch  channels  laced,  and  in  parallel  the  dimensions  as  they 
would  appear  if  the  inidikil  system  were  in  vogue. 


English  System. 

Inidikil  System. 

0   —  2 

0'.2 

0'  —  2K2" 

0'.25 

0'  —  3/2" 

o'.35 

0'  —  3/2" 

o'.35 

0'   —   2^S" 

o'.25 

6  spa.  @3/4" 

I'   -   75-2" 

6  spa.  @  3".25 

i'.95 

0'   -  23/4" 

o'.34 

28  spa.  @  s%" 

13'  -  8/2" 

28  spa.  @  5".85 

i6'.38 

3  spa.  @  4K2" 

I'  —   I/" 

3  spa.  @  4". 5 

i'.35 

0'  —  2%" 

0'.23 

0'  -  2%" 

0'.23 

3  spa.  @  4/" 

I'  —  iVi" 

3  spa.  @  4"-5 

i'-35 

28  spa.  @  s%" 

13'  —  8I/2" 

28  spa.  @  5".8s 

i6'.38 

3  spa.  @  4V10" 

1'  —  oVio" 

3  spa.  @  4". 4 

l'.32 

0'  —  2V16" 

o'.22 

0'   -  27: 0" 

0'.2S 

3spa.  @4Vio" 

l'  —  oVio" 

3  spa.  @  4".25 

I '-275 

25  spa.  @  5%" 

12'   —  2l/%" 

25  spa.  @  5". 85 

i4'-625 

15  spa.  @  43^" 

5'  -  17/8" 

15  spa.  @4"-i5 

6'.225 

0'  -  5^" 

o'.475 

0'  —  i?4" 

o'.iS 

53' -5/2" 

64'.  1 5 

By  checking  the  multiplications  indicated  and  the  total  length 
of  the  column  by  adding  the  minor  dimensions,  some  idea  of  the 
time  that  would  be  saved  by  using  the  inidikil  system  will  be  gained. 
Remember  that  this  is  but  one  line  of  dimensions.  On  one  twenty- 
four  by  thirty-six-inch  sheet  working  drawing  there  are  from  thirty 
to  fifty  times  as  many  figures  as  are  here  given,  and  the  number  of 
sheets  to  a  job  varies  from  five  to  one  hundred. 

It  is  known  that  about  one-third  the  total  time  spent  on  a 
working  drawing  is  given  to  the  arithmetical  calculations  and  to  the 
putting  down  of  figures  or  dimensions.  It  is  also  known  that  it 
takes  about  one-third  as  long  to  check  a  working  plan  as  to  make  a 
complete  working  plan.  It  is  believed  that  fifty  per  cent,  of  the 
time  spent  in  making  the  arithmetical  calculations  and  putting 
down  the  dimensions,  and  fifty  per  cent,  of  the  checker's  time,  or 
twenty-five  per  cent,  of  the  whole  time  spent  on  a  working  draw- 
ing, could  be  saved  by  the  use  of  the  inidikil  system.  Suppose  a 
bridge  company  employs  ten  draftsmen  at  an  average  of  $1000 
each  per  year  and  the  company  could  save  ten  per  cent,  or  $1000 
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per  year,  would  not  this  amount  be  worth  saving?  I  am  confident 
that  a  company  in  such  a  case  could  save  from  $1000  to  $2500  by 
using  the  proposed  decimal  system.  There  are  several  companies 
employing  regularly  from  thirty  to  fifty  and  some  as  high  as  a 
hundred  draftsmen.  For  a  company  employing  fifty  draftsmen  the 
saving  would  be  in  the  neighborhood  of  $10,000,  or  the  interest  on 
an  investment  of  $250,000.  Surely  such  an  amount  must  be  worth 
saving!  And  this  is  in  the  drafting  department  alone;  there  would 
also  be  a  saving  in  the  engineering  or  estimating  department,  and 
in  the  shop.  All  manufacturers  would  be  benefited,  all  engineers, 
all  architects,  all  users  of  a  system  of  weights  and  measures. 
In  addition  to  the  great  financial  saving,  all  draftsmen  and  checkers 
would  be  relieved  of  a  great  mental  strain. 

ENGLISH  SYSTEM. 
Table  of  Precise  Equivalents  in  Terms  of  Inidikil  and  Metric  Systems. 


English. 

Inidikil. 
1. 0000  in 

Metric. 

I  inch 

2.5400  cm. 

I  foot 

1.2000  id 

30.4800  cm. 

I  yard 

3.6000  id 

0.9144  m. 

I  mile 

63.3600  il 

1.6093  km. 

I  sq.  inch 

1. 0000  sqin 

6  4516  sq.  cm. 

I  sq.  foot 

1.4400  scjid 

0.0929  sq.  m. 

I  sq.  yard 

12.9600  S(]id 

0.S361  sq.  m. 

I  acre 

6.2726  scjil 

0.4047  hectar 

I  cu. inch 

i.ooco  cubin 

16.390U  cu.  cm 

I  cu.  foot 

1.72S0  cubid 

0.02S3  cu.  m. 

I  cu.  yard 

46.6560  cubid 

0.7645  cu.  m. 

I  pint      (liq.) 

28.8750  cubin 

0.4732  litres 

I  quart    (Hq.) 

57.7500  cubin 

0.9463  litres 

I  quart    (dryj 

67.2000  cubin 

i.ioio  litres 

I  gallon 

231.0000  cubin 

3  7853l'l''es 

I  peck 

537.6000  cubin 

8.8090  litres 

I  bushel 

2.1504  cubid 
0.00396  an 

35.2360  litres 

I  grain 

0.064S  gram 

I  ounce  (Av'd) 

1. 73010  an 

^8.3526  grams 

I  ounce  (Troy) 

1. 90100  an 

31.1038  grams 

I  pound  ( Av'd) 

2.76820  ad 

0.4536  kilo 

I  ton  (2,000  lbs.) 

55.36400  al 

0.9072  tonnes 

I  ton  (2,240  lbs.) 

62.00770  al 

1. 0170  tonnes 
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METRIC  SYSTEM. 
Table  of  Precise  Equivalents  in  Terms  of  Inidikil  and  English  Systems. 


Metric.                          Inidikil. 

English. 

I  mm. 
I  cm. 
I  m. 
I  km. 

0.0394  in 

0.3937  in 

3- 9370  id 

39.3700  il 

0.0394  inch 
0.3937  inch 
3.2809  teet 
0.6214  niiles 

I  sq.  cm. 
I  sq.  m. 
I  hectar 

0.1550  sqin 
15.5000  sqid 
15.5000  sqil 

0.1550  sq.  in. 
1. 1960  sq.  yds. 
2.4710  acres 

I  cu.  cm. 
I  litre 
I  litre 
I  cu.  m. 

0.0610  cubin 
61.0234  cubin 
61.0234  cubm 
61.0234  cubid 

0.0610  cu.  in. 

0.9081  q'rt  (dry) 
1.0567  q'rt  (liq.) 
1.3078  cu.  yds. 

I  gram 
I  kilo 
I  tonne 
I  tonne 

0.0610  an 

6.1022  ad 

61.0222  al 

61.0222  al 

15.4306  grains 
2.2046  pounds 
1. 1020  tons  (2000  lbs.) 
0.9842  tons  (2240  lbs.) 
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INIDIKIL  SVSTKM. 
Table  of  Precise  Equivalents  in  Terms  of  English  and  Metric  Systems. 


1 

Inidikil.                          Engi.istt.                               Metric. 

1 

I  in 
I  id 
I  ik 
I  il 

I.ooooinch                              2.5400  cm.                j 
0.S333  foot                   1          25.4000  cm. 
8-3333  feet                   |            2.5400  m. 
83-3333  feet                               25  4000  m. 

I  sqin 
I  sqid 
I  sqik 
1  sqil 

i.oooosq.  inch                       6.4516  s(i.  cm. 
0.6944  sq.  foot                    645.1600  Sf].  cm. 
7.7160  sq.  yards                     6.4516  si).  m. 
771.6044511.  yards                  645.1600  sc).  m. 

I  cubin                              i.oooocu.inch                      ,6  3900  cu.  cm. 
0.5541  fluid  oz. 

1 

1 

I  cubid 

1 
0.5787  cu.  foot 

4.3290  gallons                       16.3900  litres 
0.4650  bushels 

I  cubik 

21.4324  cu.  yards                   16.3900  cu.  m. 

252.6983  grains 
12.6347  scruples 
I  an                                  10.5289  pvvts.                           16.3900  grams 
4.2116  drachms 
0.5265  oz.  (Troy) 
0.5776  oz.  (Av'd) 

I  ad 

5.2644  oz.  (Troy)               163.9000  grams 
5.7759  oz.  (Av'd) 

I  ak 

4.3870  lbs.  (Troy)                  ,  5^^^  j^ilos 
3.6099  lbs.  (Av'd) 

I  al 

36.0991  lbs.  'Av'<i^                 16.3900  kilos 

1 
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INIDIKIL  AND  METRIC  SYSTEMS. 
Precise  Equivalents. 


Inidikil. 

Metric. 

1 

'         Metric. 

Inidikil. 

I  in 
I  id 
I  il 

2.5400  cm. 
0.2540  m. 
25.4000  m. 

I  cm. 
I  m. 
I  km. 

0.3937  in 

3-9370  id 

39.3700  il 

I  sqin 
I  sqid 

6.4516  sq.  cm. 
0.0645  sq.  m. 

I  sq.  cm. 

I  sq    m. 

0.1550  sqin 
15.5000  sqid 

I  cubin 
I  cubid 
I  cubik 

16.3900  cu.  cm. 
16.3900  litres 
16.3900  cu.  m. 

I  cu.  cm. 

I  litre 
I  cu.  m. 

o.o6ro  cubin     \ 
0.0610  cubid 
0.0610  cubik 

I  an 
I  ad 
lal 

16.3900  grams 
0.1639  kilo 
16.3900  kilos 

I  gram 
I  kilo 
I  tonne 

0.0610  an 

6.1022  ad 

61.0222  al 

A  few  illustrations  will  serve  to  show  some  of  the  values  that 
would  come  into  general  use  if  the  inidikil  system  were  accepted. 
The  equivalent  and  the  value  now  in  use  are  given  for  comparison. 


DOMESTIC  POSTAGE. 


Matter. 

Rate. 

2C. 

New. 

Equivalent. 

Old. 

First  Class 
Letters,  etc. 

2  an 

1. 16  OZ. 

I  OZ. 

Second  Class 
Newspapers,  Periodicals 

IC. 
IC 

7  an 

4.04  OZ. 

40Z. 

Third  Class 
Books,  Circulars 

4  an 

2.31  OZ. 

2  OZ. 
I  OZ. 

Fourth  Class 

Merchandise 

IC. 

2  an 

1. 16  OZ. 

ATMOSPHERIC  PRESSURE. 


New. 


40  ad  per  sqin 


Equivalent. 


Old. 


40.83  ad  per  sqin 


14.75  lbs.  per  sq.  inch. 
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New. 

Equivalent. 

1 

0.15  <T/per  sqiu 

5.4  lbs.  per  sq.  in(  h 

1 

0.30  al  per  sqiii 

10.8  lbs.  per  sq.  incli 

1. 00  a/  per  sqin 

,^6. 1  lbs.  per  s(|.  inch 

2  00  (?/per  si/in 

72.2  lbs.  per  S(|.  incli 

3.00  <7/per  .y^/;/ 

I 

08.3  lbs.  per  sq   incli 

4.00  <r/  per  sqin 

144.4  lbs.  per  sq.  inch 

5.00  (^/per  j^^/// 

X80.5  lbs.  per  sq.  inch 

1 

6.00  al  per  .?^»« 

2 

16  6  lbs.  per  sq.  incli 

1 

7.00  al  per  j.;/;/ 

3 

52.7  lbs.  per  sq.  inch 

8.00  <?/  per  .s7//n 

288.8  lbs.  per  sq.  inch 

9.00  al  per  ^y"' 

3 

24.9  lbs.  per  sq.  incii 

10.00  a/ per  .?</;«                                    361.0  lbs.  per  sq.  inch 

ALLOWED  PRESSURE  ON  MASONRY. 

Kind.                             New. 

Equivalent. 

1 

2.80  a/  per  sqi?i 

loi.i  lbs.  per  sq. 

nch 

Brickwork                              to 

to 

4. 20  «/  per  ^^/;/ 

151. 6  lbs.  per  sq. 

inch 

7.00  a/  per  sqin 

252.7  lbs.  per  sq. 

inch 

Stonework                               to 

to 

8.30  al  per  sqin 

299.6  lbs.  per  sq. 

inch 

LOADS  AND  PRESSURES. 
The  following  are  loads  or  pressures  expressed  in  al  per  sqid 
with  equivalent  values  in  pounds  per  square  foot,  and  will  suffice  to 
cover  wind  pressures,  snow  loads  and  the  usual  dead  and   live 
loads  in  common  use  among  engineers  and  architects : 


Al 

PER 

Sqid. 


Pounds 

PER 

Sq.  Foot. 


Al 

PER 

Sqid. 


Pounds 

PKK 

Sq.  Foot. 


0. 10 

5-2 

2.0U 

104.0 

0.20 

10.4 

3.00 

156.0 

0.30 

156 

4.00 

208.0 

0.40 

20.8 

5.00 

2O0.0 

0.50 

26.0 

().00 

312.0 

0.60 

3'-2 

7.00 

364  0 

o.So 

41.6 

S  00 

4i().o 

1. 00 

52.0 

10.00 

520.C 
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WEIGHTS  OF  SUBSTANCES. 


Note. — To  reduce  from  pounds  per  cubic  foot  to  al  per  cubid,  multiply 
by  0.01603. 

To  reduce  from  al  per  ctibid  to  pounds  per  cubic  foot,  multiply  by  62.38. 
The  specific  gravity  of  any  substance  is  equal  to  its  weight  in  al  per  cubid. 

ALLOWED  FIBER  STRESSES  FOR  WOODEN  BEAMS. 


New. 

Equivalent. 

20  a/  per  s<^ifi 

722  lbs.  per  sq.  inch 

25  a/  per  st/ifi 

953  lbs.  per  sq.  inch 

30  a/  per  sgin 

10S3  lbs.  per  sq.  inch 

35  a/  per  s^in 

1264  lbs.  per  sq.  inch 

40  a/  per  s^in 

1444  lbs.  per  sq.  inch 

45  a/  per  st/in 

1625  lbs.  per  sq.  inch 

Tni".  ixiDiKiL  .s\sri:M. 

.\LLO\VED  STRESSES  OX  RIVETS. 


49 


Shear. 

Equivalent. 

New. 

1 6  a/  per  S(/i>t 

to 
32  a/  per  sgi>i 

5.780  lbs.  per  s(i.  incli 

to 
11.550  lbs.  per  sq.  inch 

Bearing. 

New. 

Equivalent. 

32  a/  per  S(^in 

to 
64  a/  per  S(pii 

1 1.550  lbs.  per  sq.  inch 

to 
23,100  lbs.  per  sq.  inch 

EXTREME  FIBER  STRESSES  ON  PINS. 


New. 

Equivalent. 

40  a/  per  sqi>i 

to 
70  a/  per  sqin 

14,440  lbs.  per  sq.  inch 

to 
25,270  lbs.  per  sq.  incli 

Kind. 


ULTIMATE  STRENGTH  PER  SQIN  OF  STEEL. 


New  Limit. 


Rivet 


mm. 
max. 


1,300  a/ 
1,600  III 


Soft 


Medium 


mm. 
max. 


mm. 

max. 


1,400  al 
1,700  al 


1,600  af 
i.'ioo  a/ 


Precise  Equiv. 

46,930  lbs. 
57,760  lbs. 

Old  Limit. 

48,000  lbs. 
58,000  lbs. 

52,000  lbs. 
h2,ooo  lbs. 

(Hj.ooo  lbs. 
70,000  ll)S. 

50,540  lbs. 
61,370  lbs. 

57.760  lbs. 
68.590  lbs. 

The  weight  of  floors  for  railroad  bridges,  now  assumed  at  400 
pounds  per  Hnear  foot,  would  liccome  10  al  per  id,  equal  to  433 
pounds  per  linear  foot. 

The  equivalent  uniform  loads  for  Cooper's  heaviest  engine, 
which  vary  from  about  9000  pounds  to  4000  pounds  per  linear  foot, 
would  be  assumed  at  from  200  al  to  100  (//  per  id  or  trom  8666 
pounds  to  4333  pounds  per  linear  foot. 

4 
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For'  the  inch-pound  we  would  substitute  the  in-al  and  the 
equivalents  would  be: 

I  inch-pound,  0.0277  in-al. 
I  in-al,  36.1  inch-pounds. 

For  the  foot-pound  we  would  substitute  the  id-al  and  the 
equivalents  would  be: 

I  foot-pound,  0.03324  id-al. 
I  id-al,  30.084  foot  pounds. 

A  horse  power,  now  assumed  at  33,000  foot-pounds,  would 
equal  1.097  id-al.  A  new  unit  of  work,  1000  id-ol,  equal  to  30,084 
foot-pounds,  would  undoubtedly  be  assumed. 

The  equivalent  heat  unit  now  in  use  is  assumed  at  yyz  foot- 
pounds and  represents  the  amount  of  energy  necessary  to  raise  the 
temperature  of  one  pound  of  water  one  degree,  Fahrenheit.  A 
new  heat  unit  based  on  the  Centigrade  thermometer  would  be 
adopted  and  would  equal  1668  id-ad.  In  other  words  a  weight  of 
1668  ad  falling  through  a  space  of  one  id  would  create  the  energy 
necessary  to  raise  the  temperature  of  one  ad  or  ten  ciibiii  of  water 
one  degree  Centigrade. 

As  already  stated,  the  changes  in  linear,  surface  and  ordinary 
cubic  measure  are  very  quickly  comprehended.  Two  hundred 
cubin,  fifty  cubin  and  twenty-five  cnbin  would  soon  come  to  be 
recognized  as  respective  approximate  equivalents  of  the  liquid  gal- 
lon, quart  and  pint.  Likewise,  two  cubid  as  the  approximate  equiva- 
lent of  a  bushel  and  one  ad  as  approximately  one-third  of  a  pound. 
It  would  probably  be  advisable  to  adopt  one  more  term,  ar,  equal 
to  one-thousandth  part  of  one  an,  for  the  convenient  designation 
of  the  Weight  of  such  drugs  as  strychnine,  morphine,  etc. 

For  the  measure  of  temperatures  the  Centigrade  thermometer 
should  be,  and  undoubtedly  soon  will  become,  the  standard  for  all 
countries,  and  a  uniform  decimal  system  of  coinage  will  follow  as 
a  natural  result  the  rapidly  increasing  closer  commercial  relation- 
ship of  the  nations ;  but,  as  far  as  the  question  of  weights  and 
measures  is  concerned,  the  inidikil  system  and  six  settings  of  the 
.slide  rule  will  "make  the  whole  world  kin." 

It  was  George  William  Curtis  who  said,  "Progress  begins  with 
the  minority.  It  is  completed  by  persuading  the  majority,  by 
showing  the  reason  and  advantage  of  the  step  forward,  and  that  is 
accomplished  by  appealing  to  the  intelligence  of  the  majority." 
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By  Nils  Johnsox. 


[Read  before  the  Engineers'  Club  of  St.  Louis,  June  13,  1900.*] 

The  purpose  of  this  paper  is  to  give  a  brief  summary  of  the 
resuhs  obtained  and  the  methods  employed  during  the  official 
duty  tests  of  two  15,000,000-galIon  triple-expansion  pumping 
engines,  designed  and  built  by  the  Edw.  P.  Allis  Company,  of 
Milwaukee,  for  the  Water  Works  of  the  city  of  St.  Louis. 

The  pumping  engines  are  of  the  vertical  type,  a  single-acting 
plunger  being  located  under  each  of  the  three  cylinders.  They  arc 
built  up  entirely  of  metal,  being  self-contained,  and  rest  on  a  natural 
rock  foundation.  The  depth  of  the  pit  is  28  feet  and  the  total 
height,  from  foundation  to  top  of  steam  cylinders,  is  63  feet  2 
inches.     The  total  weight  of  each  engine  is  1,425,500  pounds. 

The  experts  conducting  these  tests  were  Edward  Flad,  Water 
Commissioner  of  the  city  of  St.  Louis;  the  writer,  in  charge  of  the 
Construction  Department  of  the  St.  Louis  Water  Works,  and 
Arthur  West,  of  the  Edw.  P.  Allis  Company,  of  Milwaukee.  A 
trained  crew  of  fifteen  observers,  all  employes  of  the  Water  De- 
partment, took  part  in  these  tests.  Eleven  of  them  were  employed 
as  assistant  engineers  and  draftsmen  in  the  construction  depart- 
ment, water  works  extension  and  the  water  distribution  system  of 
the  water  works.  All  of  the  observers,  except  three,  have  taken 
part  in  previous  bonus  duty  tests  of  the  pumping  engines  of  the 
St.  Louis  Water  Works,  and  all  were  well  qualified  for  the  work. 
The  Edw.  P.  Allis  Company  had  two  men  present  besides  their 
expert. 

The  specifications  and  the  contract  for  these  engines  contain 
certain  stipulations  relating  to  the  duty,  the  bonus  and  forfeiture  as 
follows, — viz: 

"Article  162.  For  the  purpose  of  determining  the  efficiency 
of  the  engines  furnished  under  this  contract,  there  shall  be  a  duty 
test  of  twenty-four  hours'  continuous  run  for  each  engine.  These 
tests  shall  be  conducted  by  the  Water  Commissioner. 

"Article  163.  The  water  of  condensation  from  all  steam 
jackets  and  reheaters  shall  be  gathered  and  its  weight  carefully 
determined,  and  it  shall  be  charged  against  the  engines  during  all 
of  the  duty  tests. 

^Manuscript  received  July  14.  1900.— Secretary.  Ass'n  of  Eng.  Socs. 
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"Article  164.  The  total  weight  of  water  fed  to  the  boilers, 
during  the  tests,  shall  be  considered  the  amount  of  steam  used, 
when  corrected  for  entrainment. 

"Article  165.  Steam  used  for  running  the  boiler  feed  pumps 
during  the  duty  tests  will  be  charged  against  the  engines. 

"Article  167.  The  head  (h)  to  be  inserted  into  the  formula  for 
computing  the  duty  of  the  engines  during  the  tests  shall  be  as- 
certained by  attaching  a  gauge  to  the  discharge  pipe,  close  to 
where  it  turns  into  and  runs  through  the  foundation  walls  of  the 
pit,  and  by  the  elevation  of  the  water  in  the  wet  well. 

"The  party  of  the  first  part  hereby  agrees  that  the  pumping 
engines  furnished  imder  this  contract  shall  perform,  during  a  run- 
ning test  of  twenty-four  hours,  a  duty  of  135,000.000  foot  pounds 
per  1000  pounds  of  dry  steam. 

"The  party  of  the  first  part  further  agrees  that  in  case  either 
engine  fails  to  perform  a  duty  of  135,000,000  foot  pounds  per  1000 
pounds  of  steam,  during  the  duty  tests  of  twenty-four  hours, 
it  will  pay  to  the  party  of  the  second  part,  as  an  agreed  measure  of 
damage  for  lack  of  efificiency  of  the  engine,  in  the  ratio  of  $2000 
for  each  1,000,000  foot  pounds  which  the  duty  falls  below  135.- 
000,000. 

"In  case  either  engine  exceeds,  during  the  twenty-four  hours' 
duty  test,  an  average  duty  of  135,000,000  foot  pounds  per  1000 
pounds  of  steam,  the  party  of  the  second  part  agrees  to  pay  to  the 
party  of  the  first  part,  as  a  reward  for  the  superior  efificiency  of  the 
engine,  an  amount  to  be  in  the  ratio  of  $1000  for  each  t, 000.000 
foot  pounds  which  the  duty  exceeds  135,000,000." 

The  main  object  of  the  tests,  as  set  forth  by  the  foregoing, 
being  that  of  accurately  determining  the  duty  upon  which  to  base 
the  payment  of  forfeiture  or  bonus,  the  duty  formula  and  the  quan- 
tities from  which  the  bonus-duty  was  figured  will  first  be  ex- 
hibited,— viz: 

^"ty  —  V      4  X  144  L       4  X  144  J  7      T 

Where  ^^  ^  2,^^  p^^  j^  ^^^^ 

d  =  diameter  of  the  plungers,  in 29^2  291^2 

s  =  stroke  of  the  plungers,  ft.   (3  single- 
acting)    6  6 

vv  =  weight  of  one  cubic  foot  water,  lbs.  62.42  62.42 

h  =  head  pumped  against,   ft 293.1806  292.1189 

r  =  revolutions,  in  24  hours 2:^,716  23,659.5 

e  =  slip  of  the  pump  valves,  per  cent...  0.4  0.4 
P  =  leakage  of  packings  of  the  plungers, 

lbs 15,846  51.201 
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F  =  total     water     fed     to     boilers,     and  No.  q  Kng.  No.  10  Kng. 

pumped  into  tanks  Nos.  6  and  7.  by 

pump  run  by  engines,  lbs 218,419  215,468 

H  =  deficiency   in    head   pumped    against 

by  boiler  feed  pump,  ft 144  x  47  144  x  59.67 

62.27  62.27 

T  =  dry   steam   furnished   to   the   engine, 

by  the  boiler  room  record,  lbs 209,699  205,279 

c     3s  w  1  r  ^  jf^   ji^^   .^^  ^^  j^^^^^^^ 37,080,408,^86+        36,858,109,558+ 

4  K144 

e  -d-  3s  w  h  r        -     ,,      ,        ,       ,•  o        /-      .  or 

=  ft.  lbs.  loss  by  slip 148.321.633+  147,432.438+ 

4  A  '44 

P  h  =  ft.  lbs.  loss  by  plunger  packing.  . .  .  4,645,739+  14,956,779+ 

F   H  ^  ft.   lbs.   deficiency   in   work   done 

by  feed  pump  23,739,518+  29,731,885+ 

Duty,  per  1000  lbs.  of  dry  steam,  ft.  lbs.  175,984,156  178,615,389 

Duty  required  by  the  contract,  ft.  lbs.  ..  .  135,000,000  135,000.000 

Bonus  earned  by  the  builders  $40,984.15  $43,615.38 

It  will  be  noticed,  in  the  formula  of  the  bonus-duty,  that  de- 
ductions have  been  made  for  losses  by  the  slip  of  the  pump  valves, 
and  the  leakage  of  water  through  plunger  packings  and  deficiency 
of  head  pumped  against  by  the  boiler  feed  pump.  These  losses 
amount  in  engine  Xo.  9  to  48-iooths  of  i  per  cent.,  and  in  engine 
No.  10  to  52-iootlis  of  I  per  cent.,  of  the  total  work  by  plunger 
displacement. 

It  was  impossible  to  ascertain  the  percentage  of  slij)  directly 
during  the  tests,  on  account  of  pumping  directly  into  a  high-pres- 
sure system.  The  percentage  was  deduced  from  slip  tests  of  low- 
service  engines  6,  7,  8  and  9  at  Chain  of  Rocks;  these  pumps  have 
valves  similar  to  those  of  engines  9  and  10. 

The  instruments  and  apparatus  used  in  the  tests  were  care- 
fully tested  and  compared  with  reliable  standards  before  the  tests, 
and  several  of  them  also  after  the  tests. 

The  weighing  scales  were  adjusted  and  tested  to  United  States 
standard  weights  by  the  Inspector  of  Weights  and  pleasures  of  the 
city  of  St.  Louis. 

The  specific  gravity  of  the  mercury  used  in  the  mercury 
cohunn  was  determined  by  John  F.  Wi.xford,  chemist  of  the  St. 
Louis  Water  Works,  and  found  to  be  13.5895  at  70°  F.  The  mer- 
cury was  completely  volatilized  when  subjected  to  red  heat,  liius 
showing  absence  of  non-volatile  metals. 

An  extra  revolution  counter  was  provided  and  put  l)eside  the 
regular  revolution  counter  of  the  engine.  Both  registered  equally 
throughout  the  tests. 

For  ascertaining  the  elevation  of  the  water  in  the  wet  well* 

=n'he  average  height  of  the  water  in  the  wet  well  was  11.67  feet  in  No.  9 
and  13.56  feet  in  No.   10  test  above  top  surface  of  the  diaphragm  of  suction 
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(i.e.,  the  suction  head)  a  float  gauge  was  attached  to  the  suction 
pipe  in  the  engine  room.  This  gauge  was  located  between  the 
wall  of  the  wet  well  and  the  induction  pipe  of  the  circulating  water 
of  the  surface  condenser.  For  comparison  and  as  a  safeguard  a 
gauge  glass  was  put  in  the  standpipe  of  the  float  gauge. 

The  relative  elevations  above  city  datum  of  the  graduations 
of  the  mercury  column  and  the  gauges  of  the  wet  well  were  de- 
termined by  precise  leveling. 

All  pump  valves  were  examined  and  tested  by  water  pressure, 
and  were  perfectly  tight  before  the  test. 

The  circumference  of  the  plungers  was  measured  at  the  top. 
bottom  and  middle  by  a  standard  Chesterman  steel  tape.  The 
diameters  were  averaged  from  these  measurements,  which  were 
verified  by  calipering  the  plungers  at  the  same  places;  the  diam- 
eters thus  obtained  checked  within  5-iooths  of  i  per  cent. 

The  stroke  of  the  plungers  was  also  measured  by  a  standard 
Chesterman  steel  tape,  by  putting  the  cranks  on  dead  centers  and 
scribing  lines  on  the  crosshead  shoes  and  the  guides;  the  pres- 
sure of  water  on  the  plungers  was  turned  ofi  in  order  to  guard 
against  errors  due  to  lost  motion  of  the  journals. 

The  thermometers  were  compared  with  a  Hick's  standard  ther- 
mometer, verified  at  the  Kew  observatory. 

The  Crosby  indicators,  with  the  Sargent's  electro-magnetic 
attachment  for  taking  cards  simultaneously,  were  used.  The  cards 
were  dotted  by  a  circuit  breaker  operated  by  hand.  The  dotting 
was  expected  to  eliminate  the  pencil  friction  almost  entirely.  Nine 
indicators  were  operated  simultaneously  by  a  current  of  no  volts 
and  2  amperes  taken  direct  from  the  dynamo.  At  the  end  of  every 
hour  indicator  cards  were  dotted  continuously  for  one  minute, 
and  simultaneously  the  mercury  cohunn  was  read  every  ten  sec- 
onds. The  average  head  obtained  from  these  readings  was  used  in 
figuring  the  delivered  horse  power. 

Exhibits  A  and  B  are  appended  for  the  purpose  of  showing 
the  totals  of  the  weighings  of  the  water  in  the  engine  room  and 
boiler  room,  and  how  closely  these  weighings  check. 

The  checking  of  the  lowering  of  the  boiler  levels  is  shown 
in  Exhibit  C. 

Exhibit  A  shows  that  the  boiler  room  record  gives  less  steam 
chargeable  to  the  engines  than  the  engine  room  records,  by  484 
pounds  for  No,  9,  and  in  pounds  for  No.  10  test.  These  dis- 
crepancies are  probably  due  in  the  main  to  errors  introduced  in 
the  readings  of  the  gauge  glass  and  to  the  fluctuations  of  the  water 
level  in  the  boilers,  thus  making  a  fictitious  water  level,  affecting 
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the  results  with  22-iooths  of  i  per  cent,  in  Xo.  9  and  5-i(XJths  of 
I  per  cent,  in  No.  10  test. 

The  water  level  in  the  gauge  glass  of  the  boilers  was  read  a 
certain  length  of  time  at  the  start  and  ending  of  the  tests,  and  the 
feed  pump  (C)  kept  running  at  a  speed  required  to  deliver  back 
to  the  boilers  simultaneously  the  exact  weight  of  water  sent  away 
to  the  engines  in  the  shape  of  steam. 

The  checking  shown  in  Exhibit  C  points  to  the  lowering  of  the 
water  level  of  the  boilers  that  should  have  taken  place,  assuming 
that  the  boilers  and  pipe  connections  leaked  at  the  same  rate  as  in 
the  twenty-four-hour  leakage  test. 

Exhibit  B  shows  that  the  difference  in  the  weighings  in  the 
tanks  of  the  engine  room  and  the  boiler  room  was  only  loi  pounds 
during  the  test  of  No.  9  and  45  pounds  at  No.  10  test. 

A  special  check  sheet  was  kept  complete  every  hour  of  the 
tests,  checking  the  weighings  of  the  water  in  the  engine  room  and 
the  boiler  room,  and  also  the  amount  of  feed  water  put  into  the 
boilers  and  the  steam  sent  away. 

EXHIBIT  A. 
Boii.ER  Room  Record. 

No.  9  Eiig.  No.  10  EiiR. 

1.  Water  on  hand  in  tank  No.  6  at  start  of  test,  lbs 310  814 

2.  Total  water  weighed  in  tanks  Nos.  6  and  7  during 

test,  lbs 218,410        215.468 

3.  Total  water  weighed  in  tank  No.  8  during  test,  lbs.  .       1,704  1.704 

4.  Boiler  levels  lowered  during  test,  lbs 7i5  ^'073 


5.  Total  lbs 221,148  219,059 

Deduct. 

6.  Water  weighed  in  tank  No.  5,  lbs 7.915  9-968 

7.  Leakage  during  24  hours  of  lioilers  and  pipe  connec- 

tions, lbs 1.716  1.704 

8.  Steam  blown  through  calorimeter,  lbs S05  45^ 

9.  Water  on  hand  in  tank  No.  6  at  end  of  test,  lbs 836  828 

10.     Entrained  water  in  steam  (by  the  calorimeter),  lbs.  .  477  824 


11.  Totalib? "'449  13.780 

12.  Dry   steam  chargeable  to  engine    (Item?   5- 11),  and 

from  which  bonus-duty  was  figured,  Ib^ 209,699        205.279 

13.  Dry  steam  by  engine  room  record  (Items  16  -f  17  -f- 

18  —  10),  lbs 210,183        205.390 

14.  Diff.  in  dry  steam  by  boiler  and  engine  room  record 

(Items  12-13),  lbs —484  —  i" 
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EXHIBIT  B. 
Engine  Room  Record. 

No.  9.  Eng.  No.  10  Eno. 

15.  Water  on  hand  in  tank  No.  2  at  start  of  test,  lbs 700  575 

16.  Total  water  weighed  in  tanks  Nos.   i  and  2  during 

test,  lbs 180,258  174,659 

17.  Total  water  weighed  in  tank  No.  3  during  test,  lbs.  ..     25,130  25,691 

18.  Total  water  weighed  in  tank  No.  4  during  test,  lbs.  .       5,272  5,864 

19.  Total  water  weighed  in  tank  No.  5  during  test,  lbs.  ..       7.915  9,968 

20.  Total  lowering  of  level  of  hot  well,  lbs 810  270 

21.  Total  lbs 220.085  217,027 

Deduct. 

22.  Water  on  hand  in  tank  No.  2  at  end  of  test,  lbs 635  600 

23.  Water  on  hand  in  tank  No.  3  at  end  of  test,  lbs 360  353 

24.  Water  on  hand  in  tank  No.  4  at  end  of  test,  lbs 225  237 

25.  Water  on  hand  in  tank  No.  5  at  end  of  test,  lbs 345  414 

26.  Total  lbs 1,565  1,604 

27.  Water  sent  from  engine  room  to  tanks  Nos.  6  and  7 

(Items   21-26),   lbs :'i8,520  215,423 

28.  Water  weighed  in  tanks  Nos.  6  and  7  (Item  2),  lbs.  .  218,419  215.468 

29.  Diff.  between  boiler  room  and  engine  room  weigh- 

ings (Items  27-28),  lbs -f-  loi  —  45 

EXHIBIT  C. 

No.  9  Eiig.  No.  10  Eiig. 

30.  Steam  blown  through  the  calorimeter,  lbs 505  456 

31.  Water  on  hand  at  end  of  test  in  tanks  No.  2,  3,  4  and 

5,  lbs 1,56s  1,604 

22.     Water  on  hand  at  end  of  test  in  tank  No.  6,  lbs 836  828 

2,2,.        Total    lbs 2,906  2,888 

34.  Hot  well  level  lowered,  lbs 810  270 

35.  Water  on  hand  in  tank  No.  6  at  start  of  test,  lbs 310  814 

36.  Water  on  hand  in  tank  No.  2  at  start  of  test,  lbs.  ..  .          700  575 

27.         Total  lbs 1 ,820  1 .659 

38.  Actual  weight  of  water  in  lbs.  the  boiler  level  .should 

have  lowered   (Items  33-37),  lbs 1,086  1,329 

39.  Computed  weight  of  water  lowered  in  the  boilers  by 

the  gauge  glass,  lbs 715  1,073 

40.  Diff.  between  actual  and  observed  weights   (Items 

38-39),  lbs 371  156 

Pig".  1  shows  a  trinietric  projection  of  the  piping  and  the 
weighing  scales  tised  in  the  tests. 

Every  possible  precaution  was  taken  to  guard  absolutely 
against  admitting  foreign  water  or  steam  to  the  system,  by  discon- 
necting the  pipes  or  by  inserting  blind   flanges   in   all   pipes   not 
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propcrly  belonging  to  the  system.  All  drippings  ami  drains  were 
taken  care  of  by  snitable  piping. 

All  the  steam  having  passetl  thrungh  the  cylinders,  jackets 
and  reheaters  of  the  engines,  being  condensed,  was  caught  and 
weighed  in  tanks  1.  2.  3  and  4.  The  entrained  water  of  the  steam 
removed  by  the  Sw-eets  separator  passed  through  the  trap  A,  and 
the  water  of  condensation  in  the  steam  main  of  engines  9  and  10 
passed  through  the  trap  !'>.  thence  through  a  cooling  coil  and  iiUo 
weighing  tank  Xo.  5. 

The  jacket  water  of  the  low-pressure  cylinder  was  also  passed 
through  a  cooling  coil  before  being  weighed.  The  temperature 
of  the  water,  when  reaching  the  weighing  tanks  3,  4  and  5,  averaged 
135"  V.  Tanks  3,  4  and  5  were  covered  in  order  to  catch  any  pos- 
sible evaporation.  All  the  water  weighed  in  tanks  i.  2,  3,  4  and  5 
was  turned  into  the  hot  well,  from  which  it  was  taken  by  the  feed 
pump,  attached  to  the  engine,  and  pumped  through  the  filter  and 
thence  to  tanks  6  and  7  in  the  boiler  room.  Tank  8  in  the  boiler 
room  weighed  71  pounds  of  cold  water  each  hour,  to  supply  the 
amount  of  leakage  of  the  boilers  and  piping;  this  being  the  hourly 
average  weight  of  water  leaking  through  the  boilers  and  piping, 
as  determined  by  a  leakage  test  of  twenty-four  hours'  duration, 
made  before  the  engine  tests. 

Tanks  6  and  7  in  the  boiler  room  emptied  into  tank  9,  which 
Avas  connected  to  the  suction  pipe  of  the  independent  feed  pump  C. 
Tank  9  was  provided  with  a  hook  gauge.  The  water  in  this  tank 
was  brought  to  the  level  of  the  hook  gauge  at  the  end  of  every 
hour  by  careful  regulation  of  the  speed  of  the  feed  pump  C. 

The  leakage  water  of  the  packings  of  the  main  pump  plungers 
was  weighed  every  ten  minutes  throughout  the  tests. 

The  springs  of  the  steam  indicators  were  calibrated  (see  Fig. 
2)  bv  attaching  them  directly  in  their  respective  positions  at  the 
bottom  of  the  steam  cylinder  C.  The  three-way  cock  A  was  turned 
in  communication  with  the  steam  cylinder,  and  the  piston  of  the 
indicator  was  kept  in  motion  for  some  time,  or  until  it  was  thought 
that  all  parts  of  the  indicator  had  acquired  the  temperature  due  to 
the  actual  working  conditions.  In  the  meantime  the  steam  pres- 
sure in  the  vessel  2  was  regulated  by  the  valve  H  and  the  drain 
valve  L  to  correspond  to  pressures  in  the  steam  cylinder  during  tiie 

test. 

The  pressure  in  the  vessel  i  was  always  carried  5  pounds 
higher  than  in  the  vessel  2 ;  in  order  to  facilitate  the  adjustment  of 
the  pressure  in  this  vessel  the  pressure  in  vessel  i  was  regulated 
by  valve  J  and  the  drain  valve  M.  Gauges  K  and  D  were  care- 
fullv  tested  bv  a  Crosby  gauge-testing  machine. 
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Weights  were  applied  on  the  disk  of  the  phmger  Q  to  corre- 
spond to  a  given  pressure.  The  plunger  was  then  put  in  rotation 
by  a  jet  of  compressed  air  from  nozzle  N  impinging  on  the  vanes 
O  of  the  disc.  The  air  jet  was  shut  olif  as  soon  as  the  plunger  Q 
had  attained  a  certain  speed;  the  inertia  kept  the  plunger  and 
weights  revolving.  At  the  moment  when  it  was  found  that  the 
system  was  rotating  in  equilibrium  axially,  the  three-way  cock  A 
was  turned  in  communication  with  the  vessel  2,  and  in  turning  the 
cock  an  electric  circuit  was  closed  by  a  projection  P  of  the  plug- 
cock  A.  The  electric  current  passing  through  the  solenoid  F  dis- 
engaged the  trigger  R,  allowing  the  tension  of  the  drum  spring  to 
rotate  the  indicator-drum  an  arc  of  about  43°.  Simultaneously 
the  pencil  was  held  against  the  card  by  the  solenoid  G  and  the 
line  corresponding  to  the  pressure  in  vessel  2  was  drawn. 

It  was  found  that  more  uniform  and  accurate  results  were  ob- 
tained by  gently  tapping  the  working  cylinder  of  the  indicator, 
in  order  to  avoid  injurious  effects  of  inertia  and  possible  sticking 
of  the  piston  of  the  indicator. 

To  calibrate  a  spring  for  a  certain  given  pressure  (say  80 
pounds)  10  lines  were  traced,  5  lines  with  an  upward  floating 
tendency  of  the  plunger  Q  and  5  lines  with  a  downward  tendency. 
The  average  of  these  lines  was  used  to  determine  the  calibration 
of  the  spring.  It  was  not  possible  to  catch  the  plunger  rotating 
at  an  absolute  axial  equilibrium,  and  this  method  was  thought  to 
eliminate  errors  more  completely  than  only  drawing  one  line. 
An  atmospheric  line  was  traced  for  each  pressure  line. 

Mr.  Arthur  West,  the  expert  for  the  Edw.  P.  Allis  Company, 
is  the  originator  of  this  method  of  calibration.  The  arrangement 
of  the  details  was  worked  out  by  Walter  S.  Brown,  First  Assistant 
Engineer  of  the  Construction  Department  of  the  St.  Louis  Water 
Works. 

Fig.  3  shows  an  apparatus  for  testing  indicator  springs,  used 
previously  by  the  Construction  Department  of  the  St.  Louis  Water 
Works.  It  is  thought  that  the  apparatus  and  method  shown  in 
Fig.  2  are  conducive  to  more  correct  results. 

The  springs  of  the  pump  indicators  were  calibrated  by  a 
Crosby  dead  weight  testing  apparatus. 

The  water  in  the  tanks  i  and  2  was  weighed  every  5  minutes, 
in  tank  3  every  20  minutes,  in  tanks  4  and  5  and  8  every  hour, 
in  tanks  6  and  7  every  6  minutes. 

The  revolution  counters,  gauges  and  thermometers  were  read 
every  30  minutes.  The  gauge  glasses  of  the  boilers  were  read 
every  15  seconds  for  5  minutes  at  the  end  and  start  of  the  tests. 
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The  mercury  column  was  read  every  5  minutes  and  the  wet 
well  gauge  every  10  minutes.  The  entrained  water  in  the  steam 
was  determined  by  the  Carpenters'  separating  calorimeter  located 
close  to  the  throttle. 

The  coal  burned  during  the  tests  was  weighed  as  it  was 
brought  into  the  boiler  room  on  charging  cars,  and  the  ashes  were 
also  carefully  weighed  when  leaving  the  boiler  room.  Fig.  1 1 
shows  the  arrangement  of  the  boiler  room  and  the  engine  room 
of  the  pumping  station. 

The  boiler  tests  are  not  indicative  of  the  best  boiler  perform- 
ance, as  twice  the  required  boiler  capacity  to  run  one  engine  was 
kept  under  fire  during  the  tests.  This  was  done  owing  to  the 
dititiculty  of  cutting  out  one  single  boiler  and  also  in  order  to  avoid 
irregular  pressure  of  the  steam  while  cleaning  the  fires.  Con- 
sequently it  is  clear  that  the  duty  obtained  per  100  pounds  of  coal 
is  much  lower  during  the  tests  than  under  ordinary  working  con- 
ditions. 

The  water  evaporated  per  pound  of  coal  under  actual  condi- 
tions was  5.45  pounds  for  No.  9  and  5.35  pounds  for  No.  10  test, 
giving  an  efificiency  of  54.5  and  53.46  per  cent,  respectively ; 
w^hereas,  the  official  twenty-four-hour  test  of  these  boilers  run 
February  10,  1898,  gave  an  efificiency  of  72.6  per  cent,  from  South- 
ern Illinois  bituminous  coal  of  a  calorific  value  of  ii,4H  B.  T.  U. 
and  10.6  per  cent,  ashes. 

Fig.  4  show^s  a  front  view  of  the  pumping  engines.  It  will 
be  noticed  that  all  the  eccentrics  of  the  valve  motions  are  run  by  a 
lay  shaft,  located  immediately  above  the  second  gallery  floor. 

There  are  two  eccentrics  operating  the  valves  of  each  cylinder, 
one  for  the  admission  and  one  for  the  exhaust.  The  cut-off  of  the 
high-pressure  cylinder  is  controlled  by  a  centrifugal  governor,  the 
cut-oiY  of  the  intermediate  cylinder  is  adjusted  by  hand.  'Hie 
low-pressure  cylinder  is  provided  with  a  fixed  cut-off. 

The  admission  and  the  exhaust  valves  of  the  high-pressure 
cylinder  and  the  admission  valves  of  the  intermediate  cylinder  are 
of  the  Corliss  type,  and  are  located  in  the  heads  of  the  cylinders. 
The  exhaust  valves  of  the  intermediate  and  the  admission  and  ex- 
haust valves  of  the  low-pressure  cylinder  are  all  of  the  poppet 
valve  type  with  single  seats.  These  valves  are  operated  by  cams 
or  curved  levers. 

The  pump  valves  are  of  medium  hard  rubber  3.^  inches  outside 
diameter.  There  are  7  valve  cages  in  each  of  the  suction  and 
discharge  diaphragms.  Each  cage  is  provided  with  24  valves  on 
the  sides  and  4  valves  on  top,  as  shown  in  Fig.  5.     The  aggregate 


6o  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

free  area  of  196  valves  is  5.98  square  feet,  and  the  area  of  one 
plunger  is  4.74  square  feet.  The  suction  and  discharge  pipes  are 
36  inches  in  diameter. 

The  air  pump,  the  feed  pump  and  the  air  compressor  are  per- 
manently attached  to  the  plunger  of  the  low-pressure  cylinder,  and 
were  in  operation  continuously  during  the  tests. 

The  circulating  water  was  taken  from  the  suction  pipe,  and, 
after  having  passed  through  the  tubes  of  the  condenser,  was  re- 
turned to  the  suction  pipe  again,  as  shown  in  Fig.  6. 

Graphical  logs  of  the  hourly  average  quantities  are  shown  in 
Figs.  7  and  8,  and  combined  cards  in  Figs.  9  and  10. 

The  data  of  the  indicator  cards  and  the  leading  dimensions  of 
the  engines,  with  the  results  computed  from  the  quantities  ob- 
tained in  the  tests,  are  given  herewith,  and  also  a  "Table  of  Re- 
sults of  Tests  of  Pumping  Engines";  this  table  is  a  partial  extract 
from  a  paper.  No.  833,  by  Prof.  R.  H,  Thurston  in  the  "Trans- 
actions of  the  American  Society  of  Mechanical  Engineers," 
December,  1899,  Vol.  XXI. 

Indicator  Card  Data. 

9  10 

Top.                 Bottom.  Top.                   Bottom. 

Area  of  high-pressure  piston.  ..  .   907.92            874.32  907.92            874.32 

Area  of  intermediate  piston.  ..  .3,019.1  2,985.5  3,019.1  2,985.5 

Area  of  low-pressure  piston.  .  .6,647.6  6,614  6,647.6  6,614 

Higli-Presstire  Cards. 
Scale  of  spring  (manufacturer's)     80  80  80  80 

Scale    of    spring    (calibrated    by 

Const.  Dept.)    78.83  77.o8  78.83  77-o8 

Initial  pressure  (absolute) i4i-72  140.87  141-35  140.26 

Cut-off  pressure  (absolute)    ....   141.48  140.63  141. 11  138.7 

Release  pressure  (absolute) 42.064  45-155  42.177  41.207 

Per  cent,  of  cut-off 31. 11  31-54  32-45  30-38 

Mean  effective  pressure 53.6  54.45  55.5  52.45 

Indicated  horse  power  145-6  142-4  149-3  136.9 

Indicated  horse  power  (total)..  288  286.2 

Intermediate-Pressure  Cards. 

Scale  of  spring  (manufacturer's)     20  20  20  20 

Scale    of    spring    (calibrated    by 

Const.  Dept.) 19-675  19-446  19-675  19-446 

Initial  pressure    (absolute)    ....     40.62  40.51  41-37  4103 

Cut-off  pressure  (absolute)    ....     32.91  33-37  33-56  33-84 

Release  pressure  (absolute)   ....     10.793  11-132  10.36  11. 31 

Per  cent,  of  cut-off 36.38  36.41  32.92  34-21 

Mean  effective  pressure 12.83  i3-i3  13-55  14-27 

Indicated   horse  power    116.0  ii7-4  122.2  127.3 

Indicated  horse  power  (total)..  233.4  249.5 
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Low-Frcssiirc  Cards. 

Scale  of  spring  (manufacturer's)  lo  lo  lo  lo 
Scale    of    spring    (calibrated    by 

Const.  Dept.)    9.877     •  9.389  9.877  9.389 

Initial   pressure    (absolute)    ....  iJ.64  12.67  11.56  ii.35 

Cut-off  pressure  (ab.solute) 8.96  8.65  H._^  8.4 

Release  pressure  (absolute)   ....  3.97  3.87  4.16  3.97 

Per  cent,  of  cut-off  47.22  45.79  49.7  45.5 

Mean  effective  pressure 7.36  7.32  6.96  6.47 

Indicated  horse  power 146.4  144-9  138.2  I-27-7 

Indicated  horse  power  (total)..  291.3  265.9 

Total  horse  power,  3  cylinders.  .  812.7  801.6 

REPORT  OF  DUTY  TESTS  OF  HIGH-SERVICE  ENGINES 
NOS.  9  AND  10. 

General  Data. 

1.  No.  of  engine 9  10 

2.  Date  of  test Feb.  15-16.  Fel).  26-27. 

3.  Duration  of  test,  hrs  24  24 

4.  Type  of  engine Triple-expansion. 

5.  Dia.  of  H.   P.  cyl.  m 34  34 

6.  "        I.  P.  "         62  t.2 

7.  "       L.  p.  "        92  92 

S.  ' '       piston  rods  ( 2  for  each 

cyl.),  in 4H  ^H 

9.     Dia.  of  plungers,  in 2gj4  ^g'/j 

10.  "     feed  i^ump,  in 23^^  2^ 

11.  "     air  compressor,  in 3  3 

12.  "     air    pump    (single-act- 
ing), in 26  26 

13.  Stroke  of  all  cyls.,  plungers  and 

pumps,  ft 6  6 

14.  No.  of  plungers  3  3 

15.  Kind  of      "         Single-acting. 

16.  Clearance  of  H.  P.   cyl.    (top), 

percent «o59  '  °5'^ 

17.  Clearance  of  H.    P.    cyl.    (bot- 

tom), i)er  cent i'72  ''"2 

iS.     Clearance    of   I.    P.    cyl.    (top), 

per  cent 0.374  0.374 

19.  Clearance    of   I.    P.    cyl.    (bot- 

tom), percent 0.55  0.55 

20.  Clearance   of  L.    P.    cyl.    (top), 

percent 0.270  0.276 

21.  Clearance   of   L.    P.    cyl.    ^bot- 

tom), per  cent 0.451  o.45« 

22.  Cooling  surface    of   condenser, 

sq.ft -.'02  2,102 

25.     Cooling    surface    of   condenser, 

per  I.  H.  P.,  sq.  ft 2.59  2-62 

24.  Heating    surface     of     ist    rec. 

coil,  sq.  ft «23  123 

25.  Heating    surface     of     2d     rec. 

coil,  sq.  ft. '7<'  '"^ 

26.  Vol.  of  H.  P.  cyl.  (displacement) 

top.  cu    ft 37'>3  37  ^> 

27.  Vol.  of  I.  P.  cvl.  (displacement) 

top,  cu.  ft.'.. «25.79  «25.,9 
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34- 
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39- 
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General  Data   (Continued!. 

Vol.  of  L.  P.  cyl.  (displacement) 

top,  cu.  ft ..  276.98  276.98 

Vol.  of  ist  rec,  cu.  ft 184  184 

"     2d      "  "    365  365 

Ratio  of  areas  of  H.  P.  cyl.  to 

I.  P.  cyl I  to  3.32  1103.32 

Ratio  of  areas  of  I.  P.    cyl.    to 

L.  P.  cyl I  to  2.2  I  to  2.2 

Ratio  of  areas  of  H.  P.   cyl.    to 

L.  P.  cyl I  to  7.32  I  to  7.32 

Ratio  of  volumes  of  H.  P.  cyl. 

to    ist  rec I  to  4.87  i  to  4.87 

Ratio  of  volumes  of  I.    P.    cyl. 

to  2d  rec.  I  to  2.9  I  to  2.9 

Ratio  of  volumes  of  ist  rec.  to 

2drec. I  to  1.98  i  to  1.98 

Pressures. 

Steam  pressure  (initial)  in  H.  P. 

cyl.  by  cards,  lbs 126.9  126.2 

Steam  pressure   in  boiler  room 

by  gauge,  lbs 129.7  130.2 

Steam  pressure  in    ist  rec.    by 

cards,  lbs 26.2  26.6 

Steam   pressure   in   2d   rec.    by 

cards  (Vac),  lbs 1.8  3.2 

Steam  pressure  H.  P.  jacket,  lbs.  Initial.  Initial. 

I.  P.        "         by 

gauge,  lbs.... Second  Rec.  Coil. 

Steam  pressure  L.  P.  jacket  by 

gauge  (Vac),  lbs 2.36  0.61 

Steam  pressure  ist  rec.  coil  by 

gauge H.  P.  jacket.  Pressure. 

Steam  pressure  2d  rec.  coil 52-3  52 

\'acuum  by  gauge,  lbs 14.64  14.5 

"   cards,  "    i4-oi  14.04 

Barometer,  lbs i4-4i  14.64 

in 29.45  29.93 

Temperatures  in  Degrees  F. 

Water  pumped 36  35 

Drain    from    2d     rec.    (Therm. 

close  to  outlet) 200.5  i97-2 

Drain  from  L.  P.  jacket  (Therm. 

close  to  outlet) 192.7  201 

Water  fed  to  boiler 76  80 

Water  discharged  from  air  pump  67.5  67 

Circulating  water  of  condenser 

(in)  36  35 

Circulating  water  of  condenser 

(out)  .'. 55  51 

Air  in  engine  room  67  73 

Air  outside 15  25 

Exhaust  steam  in  pipe  near  L. 

P.  cyl 97-3  98 

Steam  (initial) 325.7  325.4 


OFFICIAL  DUTY  TESTS  OF  PUMPING   ENGINES.  63 

Ieii)  Watkk  and  Steam. 

bi.  Total  water  evaporated  by  boil- 
ers 1  Items  5-9,  Exh.  A),  lbs..  220,312  218,231 

62.     Total  water  fed  to  boilers  (Item 

5  — 14  +  9).  E.xh.  A),  lbs 219,597  217.15S 

53.     Total  water  fed   to  l)oilers   per 

,  /Item  62\    ,, 

hour  1^ 1,  lbs 9,149.87  9,048.25 

04.  Total  dry  steam  chargeable  to 
engine  by  engine  room  record 
(Item  13,  Exh.  A),  lbs 210,183  205,390 

65.  Dry  steam   to  engine  per  hour 

/Item  64\    ,,  .,  ,, 

(      24      )'^^^ '^'"57-5  ^557-9 

66.  Quality  of  steam  at  throttle,  per 

cent 99-773  99-6 

67.  Total   water  from   surface  con- 

denser (hem  16,  Exh.  Bi,  lbs.  180,258  174,659 

68.  .Average  water  from  surface  con- 

denserperhourf ^j,lbs.  7,510.8  7,277-5 

69.  Total  water  from    L.    P.  jacket 

(Item  17,  Exh.  H),  lbs 25,130  25,691 

70.  .\verage  water  from  L.  P.  jacket 

/Item  69\    ,, 
]ier  hour  ( ),  lbs 1,047  1,070.4 

71.  Total  water  from  2d  rec.  drain 

i  Item  18,  Exh.  B),  lbs 5,272  5.S64 

72.  Total  water  received  from  engine 

(Item  67  — 69  •  71),  lbs 210,660  206,214 

73.  Average    water    received    from 

engineperhourC ^Vlbs.  8,777.5  8,592.2 

74.  Jacket    water     of    L.     P.     cyl. 

(Item69>   ico\                  ^  ,,  ^  ,-,  ,- 

,     ^  I,  per  cent 11-9  '-^s 

Item  72      / 

-      i^    •    f          A         /Item7i    :ioo\ 
7s.     Dram  from  2d  rec.  I — ,^  I 

\      Item  72      / 
percent 2.505  2.S45 


Pimp  D.\ta. 

76.  Total  revolutions 23,716  23,059.5 

^       ,     ■  /ItemySV  ,,     .  ks  1- 

77.  Revolutions  per  mniutel  1  '     •  »"-4j 

78.  Piston  speed  per  minute  (Item 

13X2  -Item  77),  ft iy7-"4  '97->o 

79.  Displacement    of   plungers    per 

revolution,  lbs 5..v>2-"54  5.332-954 

So.     Displacement  of   plungers    per 

revolution,  gals ''.V'-n  <>.>'>■•' 

81.  Total    water    pumped,    jilunger 

displacement,  gals 15, 157. '37  'S. '21,027 

82.  Average     head    (corrected     for 

temp.,  etc.).  ft 293.1806  292.11S0 

S3.     Total  ft.  lbs.  of  work  in  24  hrs. 

plunger   displacement   (Item  ,  . .  o 

76  -   Item  79       Item  82) 37,080.408,386  3^858,109.558 
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Indicator  Cards. 

84.  Indicated  horse  power 812.7  S01.6 

85.  Delivered  horse  powt-r 779-97  776.27 

86.  Total  friction  horse  power  ^mech. 

aii^lliyd.^ 32.73  25.33 

e        r.  .-  ••      /  Item  86  \_ 

87.  Percent. tnctioni  .   — t-\ioo)*  4.02S  j.i6 

V  Item  84  /  ^' 

SS.     Total  number  of  expansions  from 

combined  cards 33-89  3<^-o6 


Summary  and  Results. 

89.  Feed  water  per  I.  H.  P.  per  hr., 

lbs 10.8  10.719 

90.  Dry  steam  per  I.  H.  P.  per  hr., 

lbs 10.776  10.676 

91  -     Feed  water  per  D.  H.  P.  per  hr., 

lbs 11-254  11.069 

92.     Dry  steam  per  D.  H.  P.  per  hr., 

lbs 11.22S  11.024 

03.     Duty      per      1000     dry     steam 

/  Item  83  \  iooo\ 

(        Item  64        )•    P'""^^' 

displacement,  ft.  lbs 176,419,636  179,454,255 

94.     Duty     per    million     R.    T.     l\ 
Item  S;\  i,oco,ooo\    ,  ,, 

Item^S )•  ^'■^^'-       '55,^37,451  158,077.3-^4 

9S-     B.  T.  U.  per  I.  H.  P.  per  minute 

/  Item  98  \ 

I f 1 204.37  201.9b 

\24X6o\  Item  84/  ■"  • 

96.  Mechanical       efficiency 

/Item  8s  \ 

(!T^n784>^'°°)'P^'^'^"'-  ^^5-^"'  96-84 

97.  Thermodynamic     efficiency 

/  _i_ri::_  )    per  cent 20.7S1  21.00^ 

Vltem  95/'  ^ 
1)8.     B.  T.  U.  chargeable  to  engines...      238,862,518  233,165,004 

99.     Actual    efficiency     ( Item    96  X 

Item  97),  per  cent 19-944  20.339 


(' 


*Engine  No.  9  was  operated  5845  hours,  making  9.967.800  revolutions. 
and  Engine  No.  10  4608  hours,  making  7.818,000  revolutions  before  the  official 
test. 
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Fir.    I      Piping.  Tanks.  Etc 


q        ^^^^7 


Fig,  2.    Apparatus  for  Calibrating  Indicator. 


Fig.  3.    Apparatus  for  Testing  Indicator  Spi 
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THE  AV ATEK  POWER  AT  HOLYOKi:,  3IASSACHUSETTS. 


Bv  Horatio  A.  Foster,  Member  Engineers'  Society  of  Western  New  York. 

[Read  before  the  Society,  June  4,  1900.*] 

In  these  days  of  the  transmission  of  power  by  means  of  elec- 
tricity the  search  for  good  and  rehable  water  powers  has  become 
a  sort  of  engineering-  fad,  and  the  numbers  of  them  that  are  ex- 
ploited and  brought  to  the  attention  of  capitaHsts  is  sometliing  to- 
be  wondered  at.  Many  of  them  are  so  far  from  users  of  power  as 
to  make  it  discouraging  to  invest  the  necessary  money,  and  others 
are  so  variable  in  their  flow  of  water  as  to  make  them  very  un- 
reliable, compelling  the  installation  of  an  auxiliary  steam  plant  to 
insure  continuity  of  operation. 

Incidentally,  it  may  not  be  known  to  all  present  that  the  Gov- 
ernment, during  the  census  of  1880,  caused  examinations  to  be 
made  of  nearly  all  the  water  courses  east  of  the  Mississippi  River. 
The  territory  was  divided  into  districts,  and  an  expert  placed  in 
charge  of  each.  Every  important  river  and  stream  was  examined 
from  its  mouth  back  to  its  source;  each  and  every  fall  was  de- 
scribed, whether  developed  or  not ;  the  flow  of  water  at  the  different 
points  was  gaged,  and  many  other  useful  data  were  reported. 

Fifty  years  ago  there  were  very  few  large  water  powers  de- 
veloped, and  comparatively  little  was  known  of  the  modern  means 
of  using  water  power.  Railroads  were  new,  as  were  also  most  of 
the  conveniences  with  which  at  the  present  day  we  would  find  it 

difficult  to  dispense.  

^Manuscript  received  June  11,  1900.— Secretary,  Ass'n  of  Eng.  Soc>. 
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The  water  power  at  Holyoke,  ]Mass.,  was  developed  more  than 
fifty  years  ago,  and  has  been  in  continuous  operation  ever  since. 
From  a  very  small  farming  village  there  has  developed  one  oi  the 
strongest  and  most  industrious  manufacturing  communities  in  the 
United  States.  Although  a  large  portion  of  the  product  of  Holyoke 
is  fine  paper,  there  are  many  other  products,  notably  cotton  cloth, 
cotton  yarns  and  spool  cotton,  one  of  the  largest  factories  for  the 
manufacture  of  the  latter  article  being  located  there. 

At  Holyoke  the  Connecticut  River,  more  than  300  miles  long, 
makes  an  abrupt  bend,  which  is  almost  a  true  half-circle.  Origi- 
nally there  were  rapids  around  this  bend,  with  a  total  fall  of  60  feet 
from  one  end  of  the  semicircle  to  the  other. 

In  1847  the  Legislature  of  Massachusetts  was  petitioned  by 
Thomas  H.  Perkins,  George  H.  Lyman,  Edmund  Dwight  and 
others  for  an  act  of  incorporation  for  the  Hadley  Falls  Company, 
"for  the  purpose  of  constructing  and  maintaining  a  dam  across  the 
Connecticut  River  and  one  or  more  locks  and  canals  m  connection 
with  said  dam ;  and  for  creating  a  water  power  to  be  used  by  said 
corporation  for  manufacturing  articles  from  cotton,  wood,  iron, 
wool  and  other  materials,  and  to  be  sold  to  other  persons  and  cor- 
porations to  be  used  for  manufacturing  or  mechanical  purposes, 
and  also  for  the  purpose  of  navigation."  The  capital  stock  was 
$4,000,000.  The  Hadley  Falls  Company  purchased  the  property 
and  franchise  of  the  South  Hadley  Falls  Lock  and  Canal  Company, 
and  land  in  the  region  amounting  to  1 100  acres. "^' 

At  this  time  (1847)  there  were  fourteen  houses,  a  grist  mill, 
one  little  shop  and  one  cotton  mill  lying  in  the  region  now  covered 
by  the  city  of  Holyoke.  It  is  also  recorded  that  a  wing  dam  was 
built  out  into  the  stream  in  1831,  and  a  small  mill  run  by  the  power 
thus  developed. 

The  first  dam  was  begun  in  1847  ^^y  building  a  cofifer  dam  of 
cribs  filled  with  stone.  I  quote  the  following  description  of  the 
cofifer  dam  from  data  furnished  by  a  resident  of  South  Hadley 
Falls : 

"The  cofifer  dam  was  built  by  loading  criljs  with  stone,  gravel, 
etc.,  and  sinking  them  about  four  rods  above  the  line  of  the  great 
dam.  The  bed-piece  was  formed  of  four  stretchers.  The  sills 
were  very  large  timbers,  40  or  more  feet  long,  which  were  intended 
to  be  bolted  to  the  bedrock,  but  there  was  a  good  deal  of  blocking 
up  under  some  of  them.  In  some  places  it  was  necessary  to  blast 
rock  out  under  them ;  in  other  places  it  was  necessary  to  put  blocks 

*In  1859  the  Hadley  Falls  Company  was  succeeded  by  the  present  corpor- 
ation, the  Holyoke  Water  Power  Company. 
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uikKt  ami  use  lonj^or  holts.  '1'Ik'  sills  wcr-  ()  I'c-cl  ai)arl  I'rdiii  cciUlt 
ti)  center;  the  posts  were  framed  into  the  sill  and  into  the  stretcher, 
and  each  section  was  raised  on  its  sill  like  the  side  of  a  hou.se  or 
barn.  The  roof  of  the  dam  was  covered  with  4-inch  hemlock 
planks.  All  timber  and  planks  were  hemlock.  The  overfall  was 
12  feet  long,  of  i-foot  timbers,  and  covered  with  plank  same  as 
the  other  side  of  the  dam.  The  crest  of  the  dam  was  covererl  with 
boiler  iron  in  strips  6  to  8  feet  long." 

This  dam  was  destroyed  and  washed  away  the  first  time  it 
was  filled.  The  event  of  the  completion  of  the  cofTer  dam  in  1848 
had  been  anticipated  by  the  public,  and  special  trains  were  run  to 
accommodate  those  who  wished  to  see  the  first  flow  of  water  over  it. 
The  pond  filled  very  slowly,  and  it  was  three  o'clock  in  the  after- 
noon when  the  dam  gave  way  under  the  strain.  The  structure 
broke  from  its  foundations,  turned  over  and,  with  the  exception  of 
75  feet  at  one  end  and  150  feet  at  the  other,  was  swept  downstream 
by  the  great  volume  of  water. 

There  was  some  interesting  reading  about  this  event  at  the 
time,  and,  w'ithout  burdening  this  paper  with  much  of  it.  I  think 
the  following  series  of  telegrams  sent  at  the  time  by  a  Mr.  Davis. 
who  was  interested  in  the  corporation,  will  be  fully  appreciated. 
The  dispatches  were  in  the  order  given,  but  only  the  last  one  is 
vouched  for  as  being  verbatim : 

"10  A.M. — The  gates  were  just  closed,  and  the  water  is  filling 
Ijchind  the  dam." 

"12  ^^. — The  dam  is  leaking  badly." 

"2  P.M. — The  stones  of  the  bulkhead  are  giving  way  to  iIk' 
pressure." 

"3.20  r.M. — Your  old  dam  has  gone  to  hell  by  way  of  Wil- 

limansett." 

Even  to-day  the  destruction  of  so  large  a  piece  of  work  would 
1)€  very  discouraging,  but  the  discouragement  seems  to  have  been 
very  short-lived  at  that  time;  and  the  work  of  reconstruction  was 
immediately  commenced.  The  wreck  of  the  old  dam  was  cleared 
away,  and  in  1849  preparations  began  for  the  second  dam.  This 
dam  forms  the  upstream  triangular  .section  of  Fig.  i. 

I  quote  as  follows  from  a  pamphlet  published  some  years  ago: 
"In  April  of  that  year  (1849)  ^^^'^  coflfer  dams  were  built,  one 
on  each  side  of  the  river,  and  each  extending  200  feet  from  the 
bank  into  the  stream.  They  were  coiupleted  in  May.  the  water 
pumped  out  and  the  rock  excavated  to  a  depth  of  6  feet.  The  con- 
struction of  the  main  dam  was  then  begun  by  laying  down  three 
T 5-inch  square  sticks  lengthwise  across  the  river.     The  dam   was 
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started  in  sections  6  feet  from  center  to  center,  and,  as  the  river 
is  1019  feet  wide  at  that  place,  there  were  170  sections.  These 
sections  were  connected  or  tied  to  each  other  by  12-inch  square 
sticks  running  across  the  river.  The  structure  above  the  founda- 
tion sticks  was  made  up  of  alternate  courses  of  these  ties  and 
rafters,  also  12  inches  square.  Between  the  rafters,  in  the  same 
course  with  the  ties,  short  blocks  were  introduced  to  stiffen  or 
prevent  the  bending  of  the  rafters.  At  the  splicings  of  the  rafter 
long  pieces  were  put  in,  treenailed  to  the  rafter  with  eight  2-inch 
treenails  of  oak.  The  foot  of  each  rafter  was  scribed  and  bolted 
to  the  rock  with  i.{-inch  iron  bolts.  The  structure  was  thus  reared 
to  its  full  height  of  about  30  feet,  and  its  upstream  surface  covered 
with  6-inch  plank  with  the  exception  of  a  space  16  feet  wide  by  18 
feet  long,  which  was  temporarily  left  open.  The  toe  of  the  dam 
was  secured  by  placing  a  second  covering  of  plank  at  right  angles 
with  the  first,  with  the  lower  end  scribed  and  bolted  to  the  rock. 
Except  the  space  temporarily  left  open,  this  structure  was  filled 
solid  with  gravel.  Four  feet  of  the  crest  of  the  dam  on  the  up- 
stream side  was  covered  with  boiler  iron  f  inch  thick,  for  protec- 
tion from  ice  and  driftwood. 

'Tn  this  manner  400  feet  of  the  dam  were  completed,  200  feet 
on  each  side  o'i.  the  river.  As  the  summer  advanced  another  section 
of  200  feet  was  added  to  each  side,  leaving  but  217  feet  open  for 
the  water  to  run  through.  A  coffer  dam  was  then  built  covering 
this  space  of  217  feet,  and  the  water  of  the  river  allowed  to  run 
through  the  four  spaces  16  feet  wide  left  for  the  purpose  in  the 
four  previously  constructed  sections. 

"After  the  completion  of  the  middle  section  of  the  dam  the 
last  cofifer  dam  was  removed,  and  preparations  made  to  stop  the 
temporary  openings  through  the  structure,  which  was  done  by 
gates  hinged  to  the  planking.  These  gates  were  closed  on  Mon- 
day, October  22,  1849,  ^^o  alternate  gates  being  first  closed  by 
knocking  out  a  prop  which  held  them  parallel  with  the  water,  and 
an  instant  later  the  other  gates  were  closed  in  the  same  manner. 

"The  flow  of  water  through  the  temporary  openings  was 
stopped  at  about  12.30  midday,  and  it  was  not  until  ten  o'clock  at 
night  that  the  water  began  flowing  over  the  full  length  of  the  dam." 

In  order  to  insure  the  permanency  of  this  dam  all  the  open 
spaces  were  filled  and  closely  packed  with  stone  and  gravel  to  a 
height  of  10  feet,  and  the  planking  of  the  upper  portion  of  the  dam 
was  doubled  to  18  inches  of  solid  timber. 

The  dam  is  founded  on  a  ledge  of  red  sand-tone  and  slate, 
which  dips  downstream  about  30°  from  a  horizontal  plane. 
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The  bed  of  the  river  was  graveled  for  70  feet  above  the  dam, 
and  this  gravehng  carried  some  30  feet  over  its  sloping  surface, 
which  lies  at  an  angle  of  about  20°  from  the  horizontal,  and  is  92 
feet  in  width  from  the  foot  to  the  crest  of  the  timl)er.  This  dam  is 
said  to  have  cost  about  $150,000. 

The  bulkhead  at  the  west  end  of  the  dam  is  140  feet  long 
between  the  end  of  the  dam  and  the  shore,  and  46  feet  wide.  In 
this  bulkhead  are  located  the  head  gates,  which  are  operated  from  a 
gate  house  extending  along  its  top. 

This  dam  has  withstood  the  wear  and  tear  since  it  was  l)uilt, 
and  is  still  standing,  in  spite  of  the  fact  that  a  new  cut-stone  dam 
has  been  built  a  short  distance  below  it.  It  has,  however,  had 
some  troubles.  An  examination  in  1868,  after  a  very  heavy  freshet, 
showed  some  bad  leaks,  and  it  was  found  that  the  water  falling 
over  the  crest  of  the  dam  had  washed  away  the  ledge  underneath 
and  in  front  of  the  structure  to  a  depth  of  20  to  25  feet  (see  Fig.  i ), 
and  that  the  eddies  caused  by  the  falling  water  had  turned  logs  and 
ice  back  against  the  structure  and  had  broken  away  many  of  the 
timbers  and  part  of  the  rock  to  such  an  extent  as  to  imperil  its 
permanency. 

To  check  this  action,  in  1868,  1869  and  1870,  another  large 
crib- work  structure  (see  Fig.  i)  of  greater  volume  than  the  original 
dam  was  built  in  front  of  it,  and  tied  to  it  as  solidly  as  possible. 
This  structure  is  of  round  logs  in  pockets  6x6  feet  square,  which 
were  filled  with  stone ;  and  its  top  was  covered  with  6-inch  planks 
of  hardwood  sloping  downstream.  The  slope  of  this  apron  being 
about  parallel  with  the  dip  of  the  rock,  the  erosion  of  the  bed  of  the 
stream  further  down  was  still  carried  on,  and  at  the  time  of  starting 
the  new  stone  dam  about  20  feet  of  the  bedrock  had  been  worn 
away.     This  new  apron  cost  between  $250,000  and  $350,000. 

With  the  exception  of  this  apron,  Init  little  repairing  was 
recjuired  from  the  time  the  dam  was  erected  until  1879,  when  a 
break  in  the  plank  top  occurred;  and  between  that  year  and  1885 
there  were  so  many  leaks  of  this  nature  that  20  feet  of  the  upper 
surface  was  replankecL;  and  at  the  same  time  a  line  of  sheet  piling 
was  driven  the  whole  length  of  the  dam  some  distance  back  from 
the  face.  This  sheet  piling  was  gravel-puddled  on  both  sides, 
with  the  idea  of  making  the  structure  water-tight.  All  these  repairs 
were  accomplished  in  sections  by  building  a  cofifer  dam  about  100 
feet  long  around  a  section  of  the  main  dam. 

Since  1885  numerous  small  leaks  have  started,  and  a  large 
amount  of  gravel  seems  to  have  been  washed  to  the  river  bed  below, 
indicating  that  the  permanent  tightness  of  the  structure  was  threat- 
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ened.  There  have  hccn  hut  two  larj^e  hrcaks.  huuevfi";  one  occur- 
ring- in  i8i;3,  and  another  a  year  hiter.  The  first  was  a  hole, 
approximately  4x6  feet,  ahout  1 1  feel  vertically  below  the  crest, 
which  was  repaired  Ijy  tlropping  over  it  a  gate  8  feet  square  con- 
structed of  two  layers  of  3-inch  chestnut  plank.  The  excess  of 
size  of  this  cover  was  due  to  the  necessity  of  reaching  a  solid  bear- 
ing at  two  adjacent  timbers  of  the  structure,  which  arc  6  feet 
between  centers. 

The  second  hole  was  not  quite  so  large,  being  about  4  feet 
square,  and  was  repaired  in  the  same  manner.  The  leakage  gradu- 
ally increased  until  in  1895  it  amounted  to  u8  cubic  feet  per  second, 
or,  at  a  total  head  of  60  feet,  800  gross  horse  power. 


Fig.  2.     Pl.\x  of  Old  and  New  D.xms. 

In  the  year  189 1  the  Holyoke  Water  Power  Company  decided 
to  construct  a  new  .stone  dam  as  near  the  old  one  as  convenient, 
and  of  such  design  as  would  be  as  nearly  permanent  as  possible. 
Surveys  were  begun  that  year,  and,  owing  to  the  erosion  of  the  river 
bed  immediately  below  the  apron  of  the  old  dam,  the  nearest  loca- 
tion was  found  to  be  132  feet  at  the  southerly  end  and  112  feet  at 
the  northerlv,  measured  from  the  toe  of  the  apron  to  the  line  of  the 
top  of  the  stone  dam.  The  total  length  of  spillway  is  1020  feet 
between  abutments,  and  the  old  dam  is  to  be  left  where  it  is.  the 
space  between  the  two  gradually  becoming  filled,  making  a  solid 
dike  more  than  150  feet  wide  and  nearly  as  permanent  as  the  sur- 
rounding hills.     (See  Figs.  2,  3,  5  and  6.) 

The  abutment  at  the  south  or  Ilolyoke  end  (see  Fig.  5 )  starts 
at  the  old  gate-house  bulkhead  and  runs  at  right  angles  with  the 
line  of  the  old  dam.     Its  top  extends  just  beyond  the  top  of  the 
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new  dam,  whence  it  is  stepped  down  to  the  toe  of  the  structure. 
This  abutment  is  12  feet  thick  on  top  and  28  feet  thick  at  the  bot- 
tom. The  top  is  12  feet  above  the  level  O'f  the  dam,  or  42  feet  above 
the  bedrock.  Like  the  dam  itself,  this  and  the  north  or  Hadley 
Falls  abutment  are  constructed  of  heavy  rubble  masonry,  laid  in 
rich  Portland  cement  mortar.  On  its  south  side  and  top,  and  for 
17  feet  down  from  the  top  on  the  north  or  water  side,  this  abutment 
is  faced  with  cut  granite  blocks  of  large  dimensions. 

Owing  to  the  shape  of  the  ledge,  and  to  a  canal  location  at  the 
north  end,  the  north  abutment  is  skewed  at  an  angle  of  about  15° 
with  the  line  of  the  dam,  and  between  the  top  and  toe  of  the  new 
dam  a  waste  way  is  built  over  the  ledge  of  rock,  the  drop  face  of 
which  curves  in  with  a  radius  of  about  767  feet,  the  fall  of  the 
waste  way  being  about  half  on  the  lower  slope  of  the  dam,  the  rest 
falling  into- the  river. 

The  north  abutment,  where  not  built  against  the  ledge,  has  the 
same  dimensions  as  the  other. 

As  said  before,  the  dam  itself  is  1020  feet  long  at  the  spillway. 
It  is  30  feet  high  above  bedrock  at  the  back  face,  and  the  bottom 
course  on  bedrock  is  54.22  feet  wide  from  the  back  line  to  the  tip 
of  the  toe  on  the  downstream  side.  (See  Figs.  5  and  6.)  The 
back  face  is  stepped  off  one  foot  in  five  all  the  way  to  the  top  as  a 
batter,  the  steps  affording  a  footing  for  the  cofifer  dam.  The  rear 
part  of  the  top  is  beveled  for  a  width  of  about  five  feet,  beginning 
at  a  point  2  feet  below  the  crest  and  running  tO'  a  point  on  top  2 
feet  back  of  the  center  line.  There  is  then  a  level  space  2  feet  wide 
to  the  center  line,  and  from  that  point  the  face  of  the  spillway 
begins  in  a  parabola,  the  form  oi  curve  being  that  which  would  be 
taken  by  a  body  of  water  4  feet  in  depth  flowing  freely  over  the 
crest.  This  curve  extends  down  the  face  of  the  spillway  to  the 
point  of  reversal,  where  it  takes  the  form  of  a  cycloid  or  the 
"curve  of  quickest  descent"  to  the  bottom  at  a  point  34.89  feet  from 
the  center  line,  thence  rising  to  the  toe  7.33  feet  beyond  to  a  height 
of  0.98  feet  above  the  bedrock,  in  order  to  break  the  fall  of  water 
and  to  prevent  as  far  as  possible  the  erosive  action  on  the  river  bed. 
The  face  of  the  spillway  has  been  left  rough. 

The  body  of  the  dam  is  constructed  of  heavy  rubble  masonry 
laid  in  rich  Portland  cement  mortar,  with  beds  inclined  somewhat 
from  the  horizontal,  the  downstream  side  being  the  highest.  The 
spillway,  back  face  and  5  feet  of  the  top  are  faced  with  heavy 
granite  blocks,  those  on  the  lower  part  of  the  spillway  being  fas- 
tened together  with  galvanized  iron  dogs,  while  those  on  top  are 
secured  together  with  galvanized  iron  dowels.  There  are  some 
34.500  cubic  yards  of  rulible  masonry  in  the  entire  structure. 
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The  excavation  in  the  bed  dI  the  river  was  done  by  tlie  com- 
pany by  day  work,  and  took  three  years,  being  completed  in  1896. 
The  trench  for  the  toe  of  the  dam  w^as  excavated  to  an  average 
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depth  of  8  feet,  and  from  15  to  18  feet  in  wicUh,  the  bottom  being 
leveled  off  by  a  bed  of  concrete  for  the  reception  of  the  masonry. 
Back  of  this  the  rock  was  roughly  stepped  to  afford  a  good  bearing 
for  the  rubble  masonry.     The  bedrock  is  partly  blue  slate  and  partly 
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red  sandstone,  and  about  13,000  cubic  yards  were  removed.  In 
order  to  drain  this  excavation  during  construction  a  trench  600  feet 
long,  about  17  feet  wide  and  10  feet  deep  was  excavated,  begin- 
ning at  a  point  near  the  center  of  tlie  river  and  running  downstream 
parallel  with  the  tiow  of  water. 

Seldom  have  specifications  l)een  so  carefully  drawn  as  were 
those  for  this  work,  and  the  call  for  copies  was  so  great  that  some 
six  hundred  have  been  distributed.  Doubts  were  expressed  by 
many  engineers  and  contractors  as  to  the  requirements  being 
exactly  fulfilled,  'but,  owing  to  strict  interpretation  of  the  specifica- 
tions and  most  rigid  inspection,  the  result  has  been  exactly  as  re- 
cjuired,  and  the  work  stands  to-day  a  monument  to  its  engineers. 

The  stone  for  rubble  masonry  was  taken  from  the  river  bed 
below  the  dam.  The  granite  is  from  a  quarry  at  Vinal  Haven, 
Alaine,  and  the  cement  was  furnished  by  the  Alpha  Cement  Com- 
pany, of  Philadelphia. 

The  rubble  was  laid  with  full  joints,  while  the  granite  was  laid 
with  joints  but  -}  inch  wide,  the  mortar  being  one  part  cement  and 
two  parts  sand. 

Every  piece  of  granite  was  laid  by  instruments  for  line  and 
grade,  and  the  batter  was  obtained  from  templates  supplied  by  the 
company. 

The  dam  was  constructed  in  four  sections,  the  south  end  and 
a  center  section  just  north  of  the  drain  channel  being  built  up  for 
a  considerable  height  first.  Then  a  cofifer  dam  was  built  on  the 
first  level  of  the  north  channel,  thus  turning  the  water  through  the 
center  channel,  while  a  section  of  dam  5  feet  high  was  constructed 
behind  it.  The  cofifer  was  then  transferred  to  the  center  chan- 
nel, and  a  section  10  feet  high  built  in  that  opening.  In  this 
way  the  alternate  sections  were  built  in  until  the  structure  was 
complete.  The  cost  of  the  entire  work  is  said  to  have  been 
between  $600,000  and  $700,000. 

Up  to  the  time  of  the  development  at  Niagara  the  Holyoke 
water  power  was  the  largest  in  the  United  States.  The  drainage 
area  of  the  Connecticut  River  above  Holyoke  is  about  8000  square 
miles,  and  the  average  daily  flow  during  1895  was  11,951  cubic 
feet  per  second,  or  82,000  gross  horse  power.  The  minimum  power 
of  the  river  at  Holyoke  has  been  estimated  as  30,000  horse  power, 
but  is  now  called  22,000. 

The  .system  of  distributing  canals  (Fig.  4)  is  laid  out  on  the 
plain  inclosed  by  the  bend  of  the  river,  and  consists  of  three  levels, 
the  fall  between  the  first  and  second  levels  being  20  feet ;  that 
between  the  second  and  third  level  12  feet,  while  the  fall  from  the 
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third  k'vcl  canal  to  tlu-  river  at  its  avcraoo  stage  is  28  Icct. 
Between  the  niar-inal  eanals  an.l  thr  nvcr  the  fall  varies  from  2^ 
to  j8  feet,  accortling-  to  locations  and  tlie  stage  of  water. 
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The  head  gates  in  the  hiilkhead  are  fourteen  in  numher,  twelve 
of  them  being  9  feet  wide  and  15  feet  deep,  while  the  remaining 
two  are  4^  feet  wide  by  ii  feet  deep.  All  arc  operated  by  gearing 
actuated  by  a  turbine  m  the  abutment. 

A  waste  weir  just  below  the  gate  house  disposes  of  surplus 
water  in  the  canal.     Careful  watch  is  kept  upon  the  level  of  the 


78  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

iwater,  and  more  or  less  is  let  in  through  the  gates  in  order  to 
maintain  as  nearly  as  possible  a  constant  level,  no  matter  what  the 
quantity  used  may  be. 

The  main  or  upper  level  canal  (Fig.  4)  extends  in  a  southerly 
direction  for  about  1000  feet,  then  turns  at  an  obtuse  angle  and 
runs  southwest  for  about  a  mile.  For  the  first  run  of  1000  feet 
this  canal  is  140  feet  wade,  and  the  water  is  22  feet  deep.  The 
width  decreases  from  the  bend  ;.t  the  rate  of  one  foot  in  every  100 
feet  of  length. 

The  second  level  canal,  beginning  at  a  point  some  distance 
beyond  the  extreme  end  of  the  first  level,  runs  parallel  wath  it,  at  a 
distance  of  about  400  feet  to  the  northeast,  ai;d  serves  as  a  raceway 
for  the  mills  taking  water  from  the  upper  level.  At  the  east  end 
of  this  course  it  turns  and  runs  directly  east  for  a  distance  of  about 
800  feet.  It  then  follows  the  course  of  the  river  for  about  a  mile 
and  a  cjuarter  at  a  distance  of  about  400  feet  from  it,  the  margin  O'f 
land  between  the  canal  and  the  river  serving  for  the  location  of 
mills.  The  second  level  canal  is  140  feet  wide  for  about  2000  feet, 
but  converges  to  a  width  of  100  feet  at  each  end.  Mills  along  the 
south  end  of  this  level  take  water  from  it  and  waste  into  the  third 
level  canal,  which,  starting  at  a  point  opposite  the  south  end  of  the 
second  level,  runs  southeast  for  about  1000  feet,  then,  making  a 
right  angle  turn,  it  runs  back  up  the  river  and  parallel  with  it  until 
it  meets  the  end  of  the  second  level.  The  depth  of  water  averages 
15  feet.  The  third  level  is  3550  feet  long,  100  feet  wide  and  10 
feet  deep. 

Waste  weirs  are  so  located  along  the  canals  as  to  dispose  of 
any  surplus  water. 

The  charges  for  power  and  the  method  used  for  computing  it 
are  perhaps  the  most  interesting  points  about  this  great  enterprise, 
and  it  may  be  well  to  give  some  space  to  the  discussion  of  charges 
for  power  generated  by  water. 

The  general  public  has  become  so  accustomed  to  buying  sup- 
plies, whether  cheese,  gas,  coal  or  electricity,  by  meter,  that  the  fact 
that  water  power  has  been  almost  invariably  sold  at  a  flat  rate, 
based  upon  a  maximum  use,  which  cannot  be  exceeded,  has  been 
overlooked.  Speaking  of  electricity,  only  recently  has  the  point 
been  fully  and  plainly  brought  out  that  the  method  of  charge  by 
meter  is  not  fair  to  consumers  or  tO'  producers,  and  consequently 
measures  have  been  taken  to  remedy  this  defect.  Owing  to  the 
fact  that  the  storage  of  electricity  for  any  great  supply  is  not 
practicable,  a  straight  meter  charge  for  current  does  not  take  into 
account  dififerences  in  manner  o<i  consuming  current  as  bearing 
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upon  the  fixetl  expense  of  supplyini;  that  current.  I'"<>r  in.^tanee,  a 
large  faeton'  using  hght  for  about  one  liour  per  day  wouKl  require 
the  electric  plant  to  be  kept  ready  for  its  supply.  It  would,  then, 
have  to  be  large  enough  for  the  continuous  supply  of  this  maximum 
demand,  although  the  payment  by  the  factory,  under  a  straight 
meter  charge,  may  be  no  greater  than  that  by  another  customer  who 
consumes  the  same  number  of  meter  units  by  using  his  lights  for  a 
gr,.ater  number  of  hours,  and  who  therefore  requires  but  a  small 
plant  for  his  supply.  It  is  true  that  the  operating  expense  of  the 
electric  plant  per  unit  will  l>e  practically  the  same  in  both  cases, 
but  it  is  readily  seen  that  the  fixed  expense  per  unit  for  supplying 
the  large  factory  must  necessarily  be  greater  than  that  for  the 
other  customer.  These  studies  have  resulted  in  a  more  rational 
method  of  charging  for  electricity,  and,  after  having  been  in  use  by 
some  of  the  municipally  owned  plants  in  England  for  some  years, 
this  method  is  now  used  by  most  of  the  large  plants  throughout 
the  United  States. 

The  same  argument  bears  on  the  charges  for  water  power,  as 
nearly  all  of  the  expense  for  such  power  is  fixed,  even  the  labor 
being  practically  the  same  whether  the  whole  or  any  part  of  the 
plant  employing  the  power  is  in  use,  and  whether  loaded  fully  or 
in  part. 

It  may  be  fairly  argued  that  in  the  past  those  consumers  (sucli 
as  paper  mills  and  textile  manufacturers)  wdio  located  on  rented 
water  powers  had  occasion  to  use  continuously  whatever  amount 
they  required,  yet  nearly  all  other  industries  use  a  varying  amount 
of  power,  the  aggregate  of  which  is  always  less  than  the  maximum 
for  which  they  pay.  In  comparing  the  cost  of  steam  power  with 
that  of  water  power,  it  lias  been  very  common  to  compare  the 
average  amount  of  steam  power  developed  with  the  maximum 
amount  of  zvater  power  paid  for,  which  is  manifestly  unfair;  but 
on  most  of  the  older  water  powers  the  rental  has  been  so  low  for 
the  maximum  demand  as  to  leave  no  chance  for  comparison  with 
steam  by  any  method.  For  instance,  in  Holyoke.  since  all  the 
power  available  has  been  rented,  growing  industries  have  had  to 
provide  for  extensions  by  erecting  steam  plants,  and,  as  coal  sells 
at  wholesale  for  about  $4.00  per  ton,  these  plants  have  usually  been 
designed  for  the  greatest  economy,  and  steam  power  has  been  pro- 
duced at  a  very  low  rate.  Notwithstanding  this  fact,  the  water 
power  in  use  would,  under  no  conditions,  be  exchanged  for  the 
best  steam  plant  that  engineers  have  been  able  to  install. 

The  marvelous  development  of  electrical  transmission  of  power 
has  chang-ed  all  the  old  conditions,  and  now  the  power  of  the  water- 
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fall,  developed  on  the  spot,  is  sent  to  the  point  of  use  over  slender 
wires,  rather  than  through  expensive  canals,  and  the  room  needed 
for  power  appliances  can  now  l>e  used  for  productive  purposes. 


^^^IL 


X^aturally  the  question  of  method  and  amount  of  charge  becomes 
more  important  than  ever,  and,  as  the  industrial  uses  to  which  the 
power  is  put  are  more  varied  in  character  and  apt  to  be  greater  in 
number  and  smaller  in  demand,  the  rates  have  to  be  readjusted  to  fit 
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tlu-  ciroumslancos.  It  is  obvious  thai  wlu-r*.'  there  are  a  ^reat 
ininil)er  of  customers  usiuj;'  varied  auiouuts  of  power  at  (hlVerciU 
periods  of  the  (hiy  or  season,  it  is  possible  to  make  use  of  the  same 
power  plain  machinery  for  supplyinp^  a  number  of  such  demands, 
the  aggregate  of  which,  if  they  were  contimious,  would  be  much 
greater  than  the  maximum  capacity  of  the  power  |)lant.  and  it  is 
therefore  not  necessary,  even  working  close  to  the  theory,  to  charge 
each  customer  with  the  whole  fixed  expense  for  the  amount  of  plant 
which  he  may  call  for  at  times;  but  this  charge  can  \)c  divided  ac- 
cording to  the  load  factor, — i.e.,  to  the  proportion  which  the  aver- 
age demand  bears  to  the  maximum  capacity  of  the  plant,  or  the 
proportion  which  the  maximum  demand  made  upon  it  bears  to  the 
capacity  of  the  plant.  While  the  variable  expenses  of  the  ordinarv 
water  power  are  so  small,  in  comparison  with  the  fixed  expense, 
as  to  be  negligible,  and  while,  therefore,  in  the  case  of  the  more 
diversified  distribution  nearly  always  resulting  from  electrical 
transmission,  the  charge  to  be  made  results  finally  in  a  flat  rate  for 
a  stated  amount  of  powder,  yet  it  is  more  practicable  to  make  a  cer- 
tain portion  of  the  charge  flat  and  uniform  for  the  maximum 
demand,  and  then  make  up  the  remainder  on  a  sliding  scale  based 
on  the  total  number  of  units  consumed  as  shown  by  the  meter. 

All  these  points  were  carefully  studied  when  rates  were  made 
for  the  Niagara  Falls  Power  Company  and  its  connections,  and 
the  result  was  the  card  with  which  you  are  all  doubtless  familiar, 
and  which  is  based  upon  the  theory  just  advanced. 

The  grants  of  the  Holyoke  Water  Power  Company  to  its  cus- 
tomers (for  they  are  grants  rather  than  leases)  are  especially  inter- 
esting in  that  they  are  made  perpetual,  and  are  recorded  in  the 
registry  of  deeds  at  the  county  seat  in  the  same  maimer  as  any 
other  deed. 

The  grant  is  made  for  water  i)0\ver,  but  every  grant  carries 
with  it  the  right  to  the  land  neces.sary  for  the  erection  of  buildings: 
and  the  price  is  based  wholly  and  only  upon  the  mill  powers  of 
water,  and  not  upon  the  amount  of  land  inv()lveil. 

The  original  grants  were  apparently  made  with  the  idea  thai 
it  would  take  many  generations  to  use  the  full  capacity  of  the 
river.  These  leases  cover  what  is  now  called  permanent  powei, 
and  the  consideration  for  this  was  originally  a  lump  sum.  sometimes 
called  a  bonus,  of  $5000  per  mill  power  and  an  annual  rental  of 
$450  per  mill  power  forever.  ICach  of  these  leases  carried  with  it 
the  right  to  draw  50  per  cent,  more  water  than  was  specified,  and 
for  this  a  charge  is  made  of  $2.30  per  mill  power  per  day  and  $2.50 
per  night,  being  substantially  $1300  per  annum  per  mill  p^wer; 
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and  at  the  present  time  every  owner  of  a  permanent  mill  power  uses 
his  full  surplus  privilege. 

I  quote  as  follows  from  the  proposal  issued  by  the  power  com- 
pany to  its  customers  such  articles  as  refer  to  the  rental  of  the 
pov/er : 

"Article  II.  Each  mill  power  at  the  respective  falls  is  declared 
to  be  the  right,  during  sixteen  hours  in  a  day,  to  draw  from  the 
nearest  canal  or  water  course  of  the  grantors,  and  through  the 
land  to  be  granted,  38  cubic  feet  of  water  per  second  at  the  upper 
fall  when  the  head  and  fall  there  is  20  feet,  or  a  quantity  inversely 


Fig.  7.     HoLYOKE  D.am,  April  20,   1900.     Water  9  feet  7 

Crest  of  Dam. 
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proportionate  to  the  height  at  the  other  falls.  And  in  order  to 
prevent  disputes  as  to  the  power  of  each  mill  privilege  in  the  varia- 
tions of  the  height  of  the  water  from  changes  of  the  seasons  or 
other  causes,  it  is  understood  and  declared  that  the  quantity  of 
water  shall  be  increased  in  proportion  to  the  reduction  of  the  height, 
one  foot  being  allowed  and  deducted  from  the  height  of  the  actual 
head  and  fall,  and  also  from  that  with  which  it  is  compared  before 
computing  the  proportion  between  them.  Thus  on  a  head  and  fall 
of  32  feet  the  quantity  O'f  water  to  be  used  would  be  23  9-31  cubic 
feet  per  second,  and  the  respective  parties,  where  either  has  any 
lawful  interest  therein,  may  at  all  reasonable  times,  in  a  peaceable 
manner,  and  after  due  notice  to  the  principal  steward  or  agent  then 
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on  (ir.ty  at  any  mill,  enter  the  raceway  tiiercof  to  measure  and  com- 
pare the  quantity  of  water  whh  the  (juantity  j^ranted ;  and  in 
the  measurement  all  wastage  shall  he  included.  .\nd  niav  also 
adopt  and  use  such  other  mode  of  making  or  verifying  the  said 
measurements  as  the  circumstances  of  each  particular  case  mav 
require." 

After  going  on  to  say,  in  other  articles,  ihat  the  grantors  must 
forever  keep  in  good  repair,  etc.,  the  canals,  and  must  forever 
mairitain  a  dam  across  the  Connecticut  River,  and  that  the  grantees 
shall  maintain  in  good  repair  the  flumes  and  raceways,  .\rticle  V 
reads : 

"In  order  to  continue  in  the  grantors  an  interest  in  C(jmmon 
v.-ith  the  grantees  for  the  preservation  and  support  of  the  mill 
powers  which  may  be  granted,  and  to  secure  a  fund  to  indemnify 
the  grantees  for  expenses  which  may  he  incurred  by  them  f<jr 
making  repairs^  if  the  grantors  should  improperly  neglect  to  make 
them,  it  is  proposed  that  part  of  the  consideration  of  every  sale, 
and  all  that  is  to  be  allowed  the  grantors  for  the  repairs,  etc.,  by 
them  assumed,  should  be  paid  or  secured  to  them  in  the  fonn  of  a 
reservation  of  rent.  //  is  therefore  declared  that  each  mill  power. 
with  the  land  to  which  it  is  annexed,  shall  forever  be  subject  to  a 
perpetual  annual  rent  of  at  least  260  ounces,  troy  weight,  of  silver 
of  the  present  (1859)  standard  fineness  of  the  silver  coin  of  the 
United  States,  or  an  equivalent  in  gold,  at  the  option  of  the  grantee 
at  the  time  of  payment ;  wdiich  rent  is  to  be  paid  in  yearly  payments 
forever,  free  from  all  charges  or  deductions  whatever  for  taxes  or 
assessments  of  every  description  which  may  be  assessed  or  levied 
upon  any  granted  premises  after  the  making  of  the  deed,  all  of 
which  are  assumed  by  the  grantees.  And  a  perpetual  annual  rent, 
at  last  equal  to  the  above,  shall  \ye  re.served  for  ever>'  mill  p<iwer 
hereafter  sold." 

After  the  full  power  of  the  river  at  its  lowest  stages  was  sold 
to  consumers  there  remained,  during  the  greater  part  of  the  year. 
a  vast  surplus  of  water,  which  it  was,  of  course,  policy  to  use.  and 
the  power  company  instituted  what  it  designates  as  non-permanent 
leases,  or  power  which  is  not  guaranteed,  but  will  be  supplied  when 
there  is  more  than  a  sufficient  quantity  of  water  in  the  river  to 
supply  all  the  permanent  power,  together  with  its  50  per  cent,  sur- 
plus. The  rate  of  charge  for  non-permanent  power  is  a  bonus  of 
$4500  per  mill  power  and  an  annual  rental  of  $1500  per  mill  power, 
with  a  pro  rata  rebate  on  the  rental  for  such  time  as  the  water  may 
be  too  low  to  use. 
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At  times  of  low  water  the  power  is  not  so  divided  between  the 
consumers  of  non-permanent  power  that  they  may  have  a  constant 
supply  in  proportionally  reduced  amount,  but  each  in  turn  receives 
the  full  leased  power  for  a  proportionately  reduced  time.  The 
result  has  been  that  the  average  rebate  in  time  has  not  much  ex- 
ceeded twenty  days  per  annum,  and  during  many  years  has  been 
as  low  as  six  or  eight  days. 

Permanent  power  is  practically  guaranteed  forever,  except  in 
case  of  accident  obviously  not  the,  fault  of  the  grantors,  in  whicti 
case  proportional  rebate  is  made  for  the  time  during  which  the 
power  is  not  ready  for  use.  Should  the  power  be  stopped  owing 
to  carelessness  of  the  grantors,  then  the  customer  would  be  entitled 
not  only  to  rebate,  but  also  to  suit  against  the  grantors  for  damages. 

In  closing,  let  us  briefly  review  the  effect  which  the  develop- 
ment of  this  great  water  power  has  had  upon  the  community 
immediately  mterested. 

Starting  with  the  construction  of  the  dam,  tlier^  were  fourteen 
houses  and  three  small  mills  located  upon  the  site  of  what  is  now 
the  great  industrial  city  of  Holyoke.  The  village  was  incorporated 
as  a  town  in  1850,  and  as  a  city  in  1873.  In  the  year  1865,  sixteen 
years  after  the  establishment  of  the  dam,  the  population  numbered 
5648,  and  the  total  valuation  was  $3,130,342,  of  which  the  greater 
part  must  have  been  the  property  of  the  water  power  company.  In 
1898,  thirty-three  years  after,  the  population  had  increased  to 
44,982,  an  increase  of  696  per  cent.,  and  the  valuation  to  $36,424,- 
460,  an  increase  of  1064  per  cent.  Few  booms  in  the  new  West 
exceed  the  increase  here  shown,  and  scarcely  one  could  equal  it  in 
the  solidity  of  its  established  industries. 

Going  back  over  the  history  of  this  corporation,  the  record  of 
its  results,  the  growth  of  the  city  in  population  and  wealth,  all  of 
which  practically  owes  its  existence  to  the  establishment  of  the 
dam,  it  is  perhaps  not  surprising  that  there  are  so  man}-  water 
power  projects  being  brought  to  the  attention  of  investors  at  the 
present  time. 
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By   William   Joseph    Hardee,   Member   American   Society   Civil 
Engineers;  Member  Louisiana  Engineering  Society. 


[Road  before  the  Louisiana  Engineering  Society  at  adjourned  regular  meet- 
ing,  June   18,    1900.*] 

The  preservation  of  the  levee  line  on  the  lower  Mississippi 
River  during  periods  of  high  water  is  a  most  important  subject  and 
is  worthy  of  much  thought  and  attention  to  avoid  the  numerous 
and  costly  mistakes  which  have  been  made  in  the  past.  When  the 
method  under  which  that  character  of  work  was  done  during  past 
\'ears  is  considered,  it  is  most  surprising  that  so  much  success  was 
achieved  and  that  the  mistakes  which  were  made  did  not  prove 
more  extensive  both  as  to  cost  and  disaster. 

Up  to  the  present  time  there  has  been  no  well-defined  organiza- 
tion for  the  systematic  conduct  of  high-water  protection  work. 
The  nearest  approach  to  anything  like  systematic,  intelligent  and 
harmonious  co-operation  on  the  part  of  those  engaged  in  such  work 
was  during  the  flood  of  1897;  but  this  was  far  from  satisfactory  and 
is  susceptible  of  great  improvement. 

The  absence  of  anything  like  system  will  be  readily  appreciated 
when  it  is  remembered  that  there  are  engaged  in  the  work  some 
six  practically  independent  agencies — the  district  levee  board,  the 
Parish  officials,  the  State  officials,  the  United  States  officials,  the 
railroad  officials  and  the  individual  planter.  At  the  present  time 
not  one  of  those  agencies  has  the  available  resources  with  which, 
alone  and  unassisted,  to  care  for  the  levee  line  tluring  an  extra- 
ordinary flood. 

The  local  district  levee  boards  arc  charged  by  law  with  the 
responsibility  of  preserving  at  all  times  the  integrity  of  their  respec- 
tive levee  lines;  and,  except  in  a  few  instances,  this  charge  has 
been  intelligently  executed;  but  there  have  been  occasions  when  the 
task  has  vastly  exceeded  the  resources  of  the  several  boards. 

If  those  boards  had  possessed  ample  means,  they  would  to-day 
have  the  levee  line  of  their  respective  districts  in  condition  to  resist 
successfullv  the  biggest  flood  so  far  experienced  without  the  neces- 
sity for  an  amount  of  work  in  excess  of  their  means.  But  they 
have  not  possessed  adequate  means  to  accomplish  this  end,  and  it 
is  a  fact  that  while  the  levees  have  been  steadily  improved,  the 
♦Manuscript   received  June  25,    1900. — Secretary,   Ass'n   of   Eng.    Socs. 
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floods  of  the  past  have  found  them  in  an  imperfect  condition,  and 
a  great  amount  of  work  of  an  emergency  character,  has  been  neces- 
sary to  successfully  preserve  them  during  high-water  periods.  On 
such  occasions  the  other  agencies  have  been  requested  to  assist,  or 
they  have  voluntarily  proffered  assistance  by  reason  of  their  indirect 
connection  with  the  cause  and  their  general  interest  in  the  work. 

It  is  a  strange  fact  that  each  of  the  other  five  agencies,  when 
rendering  assistance,  seemed  to  claim  superior  wisdom,  and  usually 
insisted,  not  infrequently  to  the  disadvantage  of  the  work,  on  pro- 
ceeding according  to  its  individual  judgment.  Confusion  was  the 
inevitable  result,  and  from  confusion  sj^rung  wastefulness  and 
insubstantial  work,  sometimes  accompanied  by  disaster. 

Confusion,  attended  by  wastefulness  and  insubstantial  work, 
has  oftentimes  been  due  to  a  lack  of  forethought  or  proper  advance 
consideration.  In  some  instances  expensive  arrangements  were 
made,  and  large  quantities  of  perishable  materials  were  provided 
for  prospective  high-water  protection  w^ork  which  never  material- 
ized. On  other  occasions  the  magnitude  of  a  flood  was  neither 
anticipated  nor  appreciated  until,  figuratively  speaking,  the  last 
minute,  and  then  the  necessary  work  had  to  be  done  hurriedly  and 
frequently  under  the  adverse  conditions  of  bad  weather,  resulting 
in  increased  cost  and  less  stability. 

Based  on  his  observations  and  experience,  the  writer  believes 
that,  with  the  resources  at  command,  a  system  for  economically  and 
efficiently  preserving  the  levee  line  during  flood  periods  can  be 
devised. 

It  is  not  considered  advisable,  however,  to  advocate  a  system 
which  would  involve  the  combined  resources  and  efforts  of  the 
entire  six  agencies  referred  to,  because,  depending  on  time  and  cir- 
cumstances, the  resources  of  those  agencies  vary.  A  more  practi- 
cal system  would  be  such  a  one  as  would  involve  one  agency  only, 
with  adequate  means  prosecuting  it,  and  then,  as  occasion  would 
demand,  the  necessary  work  may  in  advance  be  divided  and  certain 
functions  allotted  to  the  different  agencies  according  to  the  practi- 
cability of  applying  the  resources  of  each. 

The  old  maxim,  ''In  time  of  peace  prepare  for  war,"  applies 
with  equal  force  to  the  preservation  of  levees.  If  it  were  practi- 
cable to  do  so,  the  levee  line  should,  during  low-water  period,  be 
put  in  such  a  condition  that  the  usual  cases  of  emergency  which 
now  arise  would  be  in  great  part,  if  not  altogether,  removed.  It  is 
hoped  that,  with  advancing  years  and  the  continued  expenditure  of 
large  sums  of  money,  this  happy  condition  will  be  realized  at  no 
very  distant  date. 
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r.ut.  taking  the  Icvcc  line  as  it  stands  to-day,  there  are  certain 
kinds  of  liigh-water  protection  work,  as  will  he  more  fully  described 
later  on,  incidental  to  every  flood  in  excess  of  a  stage  which  puts 
,:?  lect  or  more  of  water  against  a  levee.  The  full  extent  f)f  pro- 
tection work  is,  of  course,  governed  by  the  size  and  duration  of 
the  tlood.  If  it  were  possible  to  anticipate  the  approximate  size  of 
a  flood,  a  large  amount  of  work  could  be  more  substantially  done 
and  at  a  minimum  cost.  As  a  matter  of  fact,  a  flixid  in  the  lower 
Mississippi  River  can  be  anticipated  within  reasonable  limits,  and 
far  enough  in  advance  of  its  realization  to  permit  the  deliberate 
execution  of  a  large  amount  of  preliminary  protection  work. 

An  approximate   relationship  exists  Ix^tween   adjacent    water 
gages  on  the  Mississippi  River  when  the  flood  surface  of  that  stream 
is  not  disturbed  by  crevasses  or  augmented  by  the  waters  from 
trilnitary  streams.     For  instance,  a  certain  maximiun  at  Cairo  will 
produce  a  certain  maximum  at  Memphis,  the  next  prominent  gage 
station  below.     A  gage,  however,  below  a  tributary  stream,  may  l)e 
afl^ected  by  a  flood  poured  out  of  the  tributary,  but,  as  there  is  an 
approximate  relationship  between  a  gage  so  atifected  and  the  next 
gage  below,  comparisons  may  be  successively  carried  on  until  the 
place  is  reached  at  which  a  forecast  is  desired.      The  great  bulk  of 
the  water  which  produces  a  flood  in  the  lower  Mississippi  River  is 
derived  from  the  Ohio  River  and  the  Mississippi  River  itself  al)ove 
Cairo.     A  flood  out  of  any  of  the  tributary  streams — St.  l-'rancis, 
\\'hite.  Arkansas,  Yazoo  or  Red — does  not  materially  add  to  the 
height  of  a  flood  in  the  Mississippi.     The  effect  of  a  fltX)d  from  any 
one  of  those  streams  is  rather  to  prolong  the  passage  of  a  coincfdent 
flood  in  the  Mississippi  than  to  increase  its  height.     Of  course, 
floods  poured  simultaneously  out  of  all  those  strean.s  or  out  of 
each  stream  at  or  about  the  time  that  the  crest  of  a  coincident  flood 
wave  in  the  ^Mississippi  passed  its  mouth  would  materially  increase 
the  height  of  the  flood  in  the  latter  stream.     lUU  the  records  since 
and  including  1890  do  not  show  that  such  a  ccnncidence  of  floods 
has  occurred.     They  show,  however,  that  some  only  of  the  tribu- 
taries contributed  more  or  less  to  the  height  and  duration  of  the 
floods  of   1890,    1892,   1893  and    1897.     On  the  other  hand,   the 
Mississippi  River  may  be  abnormally  depressed  below  the  mouth  of 
Red  River,  as  has  sometimes  occurred,  on  account  of  Red  River 
being  low  and  a  large  volume  of  Mississippi  River  water  in  conse- 
quence thereof  being  drawn  oft'  by  the  Atchafalaya  River. 

As  the  great  floods  emanate  north  of  Cairo,  that  place  can 
properly  be  considered  the  strategic  point,  and  the  Cairo  gage  can 
be  accepted  as  a  fairlv  reliable  index  to  what  will   follow  on  the 
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lower  Mississippi.  A  wave,  such  as  we  are  concerned  with,  in  so 
far  as  it  bears  on  the  subject-matter  of  this  paper,  occupies  from 
ten  to  fourteen  days  in  passing  from  Cairo  to  Vicksburg,  so  that 
we  always  have  that  much  advance  notice  of  what  is  coming.  The 
tributaries,  of  course,  should  be  closely  observed,  and  proper  allow- 
ance should  be  made  for  any  influence  they  might  exert. 

It  is  the  writer's  opinion  that  no  damage  can  befall  any  of  the 
existing  levees  when  there  is  less  than  3  feet  of  water  against  them. 
But  at  about  the  3-foot  stage  the  pressure  is  sufihciently  great  to 
commence  developing  weaknesses  due  to  faulty  construction,  un- 
equal shrinking  or  leaks  caused  by  burrowing  animals.  It,  there- 
fore, follows  that  unless  a  flood  in  excess  of  that  3-foot  stage  is 
experienced,  there  is  no  need  for  protection  work  of  any  kind;  but, 
as  soon  as  it  is  evident  that  the  3-foot  or  higher  stage  will  be 
experienced,  preparations  for  a  high-water  campaign  should  be 
immediately  begun,  and  conducted  as  the  conditions  attending  the 
expansion  of  the  flood  demand. 

The  battures  or  foreshores  vary  in  elevation  with  respect  to 
the  high-water  surface  at  different  places  along  the  river.  The 
ground  is  usually  higher  near  the  edge  of  the  bank  than  it  is  at 
the  levee,  so  that  a  flood  which  covers  the  ground  near  the  edge  of 
the  bank  puts  several  feet  of  water  against  the  levee.  The  water 
usually  finds  its  way  to  a  levee  through  depressions  and  drainage 
ditches,  and,  with  few  exceptions,  is  well  against  the  levee  before 
the  entire  foreshore  is  fully  overtopped. 

The  following  is  the  approximate  height  which  will  put  3  feet 
of  water  against  a  considerable  length  of  the  levee  line  in  the 
vicinity  of  the  respective  gages,  though  a  foot  or  so  less  in  height 
will  put  3  feet  of  water  against  short  lengths  of  levee:  "V'icksburg, 
42  feet ;  St.  Joseph,  38  feet ;  Natchez,  44  feet ;  Red  River  Landing, 
42  feet;  Bayou  Sara,  37  feet;  Baton  Rouge,  34  feet;  Plaquemine, 
29  feet ;  Donaldsonville,  26  feet ;  College  Point,  23  feet ;  Carrollton, 
12  feet.  The  gage  at  Fort  Jackson  is  not  included,  as  its  elevation 
is  so  often  influenced  by  wind  and  tide. 

It  is  now  in  order  to  ascertain  what  height  at  Cairo  culminates 
in  42  feet  at  Vicksburg  and  42  feet  at  Red  River  Landing. 

A  comparison  of  fifteen  gage  observations  selected  at  random 
shows  that  for  stages  of  25  feet  or  less  at  Cairo  the  time  consumed 
in  the  passage  of  the  crest  of  a  wave  from  Cairo  to  Vicksburg 
varies  from  four  to  eight  days.  But  as  we  are  interested  only  in 
stages  which  culminate  in  42  feet  at  Vicksburg,  a  comparison  of 
lower  stages  should  be  disregarded. 

On  account  of  the  closure  of  St.  Francis  basin  during  recent 
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\cars,  tluoil  waves  which  occuncil  prior  to  iS<;8,  and  which  were 
in  excess  of  hank  fnll  stage,  should  be  tlisregardcil,  as  tlicy  would 
prove  misleading-.  A  comparison  of  all  the  flood  waves  of  con- 
sistent elevation,  since  and  including  the  year  1894,  shows  that  42.7 
feet  at  Cairo  will  culminate  in  42  feet  at  Vicksburg,  and  that  the 
time  of  passage  varies  from  ten  to  fourteen  davs,  a  fair  average 
being  twelve  days.  These  figures  include  an  addition  of  height  and 
prolonged  time  of  passage  due  to  augmentation  by  water  from  the 
St.  Francis  and  White  Rivers,  which  is  almost  invariably  coincident 
with  a  flood  of  the  elevation  we  are  discussing  in  the  :\Iississippi 
River. 

Storms  which  occur  in  the  Valley  of  the  Ohio  River  isually 
originate  west  of  there,  and,  in  their  passage,  traverse  the  territory 
drained  by  the  St.  Francis  and  White  Rivers. 

The  probable  maximum  height  which  the  gage  at  Cairo  will 
reach  may  be  estimated  with  fair  accuracy  by  considering  the  gages 
at  stations  north  of  that  place  on  the  Ohio  and  Mississippi  Rivers 
and  their  tributaries,  so  that  by  a  series  of  deductions  it  is  possible 
to  secure  more  than  twelve  days'  notice  of  what  is  to  be  expected, 
as  well  as  to  forecast  beyond  the  42- foot  stage  at  Vicksburg. 

The  records  show  that  at  the  time  of  the  year  when  the  gage 
at  Vick-sburg  reaches  42  feet  Red  River  and  its  tributaries  are 
usually  low,  from  which  it  may  be  safely  inferred  that  42  feet  at 
Vicksburg  cannot  be  expected  to  culminate  in  more  than  39  feet  at 
Red  River  Landing;  the  time  of  passage  may  be  placed  at  two  days 
though  on  an  average  it  is  a  fraction  less. 

It  must,  therefore,  be  noted  that  high-water  protection  work  of 
some  kind  will  be  necessary  under  the  proposed  system  between 
Vicksburg  and  Bougere  (lower  terminal  of  the  levee  system  of  the 
lower  Tensas  district),  before  work  of  any  kind  will  he  necessary 
below  Red  River  Landing. 

Ordinarily,—!.^.,  when  the  Red  River  and  its  tributaries  are 
low,  as  is  usually  the  case,— the  gage  at  Vicksburg  must  read  46 
feet  to  produce  42  feet  at  Red  River  Landing. 

Failure  of  levees  usually  results   from  one  of  the   following 

seven  causes : 

1.  Insufificient  height,  which  pcrnuts  the  water  to  How  over 
the  top  of  the  levee,  cutting  it  away. 

2.  Leakage  due  to  faulty  construction;  to  uneven  shrinking 
or  sinking,  or  to  the  operations  of  burrowing  animals  resulting  in 
the  formation  of  cracks  or  holes,  which,  under  some  condition^, 
rapidly  enlarge  as  the  water  flows  through  them. 

3.  Sloughing,  due  principally  to  some  defect  in  the  I-mIv  of 
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the  levee,  ^vhich  permits  tlie  water  to  percolate  too  freely  through 
it,  and  which,  heing  attended  by  defective  drainage  on  the  land  side, 
results  in  the  land  slope  becoming  saturated  and  so  softened  that  it 
will  not  stand. 

4.  Sinking,  the  result  of  the  levee  having  been  built  on  an 
unstable  foundation,  generally  of  a  quicksand  character,  which, 
under  the  influence  of  excessive  wetting  and  the  pressure  exerted 
by  the  weight  of  the  embankment,  is  displaced  and  causes  the 
embankment  to  subside  into  the  cavity  thus  created. 

5.  Wave-wash,  which,  when  the  river  is  made  rough  Ijv  wind 
or  by  passing  steamers,  attacks  the  surface  of  the  levee  not  pro- 
tected by  a  close  growth  of  grass. 

6.  Excessive  erosion  at  salient  angles  due  to  removal  of  all 
of  the  old  levee,  causing  abnormal  velocity  of  the  current,  which 
washes  and  cuts  away  the  controlling  embankment. 

7.  Cutting  due  to  operations  of  malicious  or  insane  persons. 

INSUFFICIENT    HEIGHT. 

Earthen  embankments,  no  matter  how  well  protected  by  a 
growth  of  sod,  will  be  destroyed  by  water  flowing  over  their  tops 
for  any  considerable  length  of  time.  It  is  therefore,  absolutely 
necessary,  to  keep  the  top  of  the  levee  well  above  the  water  surface. 
To  assure  this,  the  levee  line  should,  if  practicable,  be  maintained 
at  a  uniform  grade,  even  if  the  cross-section  of  the  embankment 
cannot  at  the  same  time  be  given  the  standard  dimensions  of  8  feet 
crown  and  6  feet  of  base  to  each  foot  of  height.  All  of  the  low 
lengths  of  the'  levee  line  should  be  brought  to  the  standard  grade 
well  in  advance  of  high  water.  The  work  can  he  done  then  not 
only  at  much  less  cost,  Init  so  much  more  substantially,  and  the  cost 
of  protecting  the  new  work  with  washboards  will  be  saved.  This 
matter  was  seriously  considered  just  after  the  flood  of  1897,  but, 
owing  to  the  long  length  of  low  levee  line,  and  the  limited  amount 
of  money  available  for  levee  improvement,  nothing  much  was  done 
beyond  a  length  of  about  five  continuous  miles  by  the  United  States 
in  the  Lower  Tensas  District  and  a  few  miles  by  the  Atchafalaya 
Board  scattered  throughout  its  district. 

The  length  of  low  levee  has  since  then  been  greatly  reduced ; 
it  is  believed  that  it  is  now  practicable  to  raise  all  of  the  remaining 
lengths  of  low  levee  to  standard  grade  during  the  coming  con- 
struction season.  But  if  this  is  not  done  before  a  flood  is  in  sight 
which  will  overtop  the  low  lengths  of  levee,  as  soon  as  a  conchision 
as  to  the  ])rol)able  height  is  reached,  which  should  be  as  far  in 
advance  as  possible,  the  topping  or  "capping,"  as  it  is  commonly 
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(ksij^natctl,  should  he  put  on  with  teams  and  scrapers.  Work  done 
in  this  manner  generally  costs  less  and  has  the  advantajje  of  s^reater 
compaction  and  is  in  consequence  much  more  substantial  than 
earth  placed  by  handbarrows  or  wheelbarrows.  To  postpone  the 
capping  until  tlio  water  is  near,  or  actually  on,  the  crown  of  the 
levee,  or  until  the  land  in  the  rear  becomes  submerged  by  seepage 
or  rainwater  due  to  defective  drainage,  is  taking  an  unjustifiable 
risk,  and  entails  an  avoidable  increase  in  the  cost  of  the  work. 

W'liether  the  capping  be  put  on  by  teams  or  by  other  means,  it 
should  be  protected  with  washboards  against  erosion  by  the  weaves. 
In  the  past  capping  has  been  protected  by  sacks  filled  with  earth  or 
cotton-bale  bagging  carefully  placed  along  the  front  surface  of  the 
capping.  This  method  should  be  abandoned ;  it  is  more  costly  and 
less  substantial  than  wooden  washboards.  If  the  capping  is  put 
on  by  teams,  the  washboards  can  be  most  advantageously  placed 
after  the  earth  is  in  place;  but  if  the  capping  is  put  on  with  wheel- 
barrows or  handbarrows,  the  washboards  should  be  put  on  in 
advance  of  the  earth. 

The  washboards  should  consist  of  i  x  12-inch  x  12-foot  lumber, 
placed  parallel  to  the  levee,  standing  on  the  i-inch  side  and  about 
one  foot  from  the  river  edge  of  the  crown.  The  washboards  should 
be  held  in  position  by  two  lines  of  2  x  2-inch  pickets  sharpened  and 
vertically  driven  at  least  15  inches  in  the  levee;  two  pickets  should 
be  driven  for  every  six  lineal  feet  of  washboards,  one  on  each  side 
of  the  boards  and  with  just  space  enough  lietween  to  permit  the 
comfortable  adjustment  of  the  boards.  Each  board  should  be 
nailed  at  top  and  bottom  to  each  picket.  The  writer  has  personally 
directed  the  placing  of  many  miles  of  w-ashboards,  and  has  seen 
much  of  that  kind  of  work  done  by  others.  Sometimes  on  account 
of  scarcity  of  materials,  or  in  an  endeavor  to  economize  on  cost, 
single  pickets  only  were  placed,  or  double  pickets  at  the  junction  of 
boards  only,  with  a  single  picket  at  the  half- way  point  between,  and 
the  boards  were  sparsely  nailed  or  the  nailing  was  altogether 
omitted.  These  latter  methods  are  falsely  economical  and  should 
not  ])e  practiced.  The  greater  security  obtained  by  the  use  of 
double  pickets  and  full  nailing  will  amply  compensate  for  the  cost 
of  the  additional  materials. 

Weakness  in  some  of  the  capping  which  has  been  placed  in  the 
past  has  resulted  from  inattention  to  small  details.  In  the  first 
place,  the  portion  of  the  crown  of  the  levee  to  be  occupied  by  the 
capping  should  be  thoroughly  broken  up  so  as  to  make  a  good  bond 
with  the  new  earth.  Without  such  bond  there  will  be  free  leakage 
across  the  line  of  junction,  particularly  in  the  case  of  thickly  sod- 
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grown  embankments.  Care  must  be  taken  to  see  that  each  bottom 
board  touches  the  levee  throughout  its  length  and  that  it  is  well 
pressed  into  the  levee  to  prevent  any  under  wash ;  the  washboards 
should  otherwise  be  firmly  and  securely  set,  for  they  are  often  and 
for  long  periods  subjected  to  heavy  strains  by  the  waves  beating 
against  them,  and  if  not  made  secure  they  will  work  loose.  As  soon 
as  they  get  loose  and  are  weakened  by  the  waves  they  cause  the 
earth  behind  them  to  loosen  and  crumble  and  wash  under  the  bottom 
boards,  and  soon  the  entire  capping  is  destroyed.  Care  should  be 
taken  to  tamp  the  earth  in  light  layers  as  it  is  placed  against  the 
washboards,  to  insure  a  close  union  of  the  two.  Otherwise  rain- 
water and  over  wave-wash  water  will  percolate  through  the  soft 
earth,  impair  the  union  and  ultimately  weaken,  if  not  wholly  de- 
stroy, the  capping.  The  top  of  the  capping  should  be  sloped 
towards  the  rear  from  where  it  joins  the  washboards,  so  that  both 
rainwater  and  over  wave-wash  will  promptly  run  ofif. 

LEAKAGE. 

Leakage  is  due  to  either  faulty  construction,  unequal  shrink- 
ing or  sinking,  or  burrow-ing  animals,  and  constitutes  one  of  the 
most  perplexing  problems  a  levee  engineer  has  to  deal  with  during 
high  water.  Leaks  are  more  or  less  treacherous,  and  are  both  diffi- 
cult and  expensive  to  stop. 

Failure  to  properly  clean  and  then  break  up  with  a  plow,  or 
otherwise,  the  surface  of  the  ground  to  be  occupied  by  the  base  of 
the  levee,  to  insure  a  perfect  bond  between  the  embankment  soil  and 
the  natural  soil;  or  failure  before  construction  commences  to  re- 
move all  foreign  substances  which  might  in  after  years  decay  and 
leave  a  cavity;  or  the  introduction  of  foreign  substances  into  the 
embankment  at  the  time  of  its  construction,  may  result  in  leaks. 

In  some  instances,  where  old  levees  have  been  razed  in  build- 
ing new  levees  or  where  they  have  caved  into  the  river,  the  writer 
has  observed  in  the  body  of  the  embankment,  large  cavities,  which 
could  have  been  produced  only  by  the  rotting  of  a  wooden  barrel  or 
wooden  box  or  a  pile  of  logs.  He  has  also  observed  a  clear  line 
of  demarcation  between  the  embankment  soil  and  the  natural  soil, 
indicated  by  a  stratum,  two  inches  or  more  thick,  of  partially  de- 
cayed leaves  and  trash.  This  stratum  must,  by  reason  of  its  com- 
position, be  permeable,  in  which  case  leakage  would  be  free,  and, 
after  the  trash  and  leaves  would  be  deposed,  the  soil  of  the  embank- 
ment or  the  soil  of  the  ground  would  be  attacked  and  eroded  in  pro- 
portion to  the  strength  of  the  flow  of  water  through  the  channel 
thus  created. 
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There  need  be  but  little  apprehension  in  the  future  from  leaks 
originating  in  the  several  manners  described.  During  the  past  ten 
years  a  large  percentage  of  the  levee  line  of  the  l'\)urth  Engineer 
District,  Improving  Mississippi  River,  has  been  built  anew,  and  the 
remaining  lengths  have  been  so  substantially  enlarged  as  to  almost 
entirely  eliminate  original  defects ;  the  system  of  inspection  has 
been  rigid,  and  it  is  not  probable  that  the  embankments  contain  any 
defects  of  construction. 

Unequal  shrinkage  cannot  easily  l)e  provided  against.  It 
usually  manifests  itself  in  cracks  extending  in  almost  every  con- 
ceivable direction,  and  its  occurrence  is  most  frequent  in  embank- 
ments built  of  buckshot  or  clayey  materials  or  in  embankments  built 
of  those  materials  and  sand,  alternately  placed  in  thick  bodies  or 
layers.  The  degree  of  inequality  of  the  shrinkage  seems  to  be 
Sfovenied  entirely  1)\-  the  amount  of  moisture  in  the  soil  when  it  is 
put  into  place. 

The  earth  near  the  bottom,  sides  and  t*)])  (jf  a  crack,  usually 
expands  when  moistened.  If  it  is  wetted  by  slow  degrees  the  crack 
will  usually  close  up.  The  greatest  danger  attending  a  crack  occurs 
when  the  soil  surrounding  it  remains  unwetted  for  several  years 
during  which  time  the  crack  increases  in  size,  and,  if  a  large  volume 
of  water  be  suddenly  thrust  upon  it,  the  soil  will  rapidly  wash  and 
the  crack  increase  in  size  until  it  finally  causes  the  embankment  to 
collapse.  Unequal  shrinking  is  rare  in  embanknunts  built  wholly 
of  loam  or  sand. 

The  levees  should  be  carefully  inspected  just  before  or  soon 
after  the  water  has  gotten  against  them,  and,  if  cracks  are  found 
they  should  be  filled  and  rammed  with  loose  earth,  particularly  and 
most  carefully  on  the  intake  side.  If  a  crack  is  not  discovered  until 
the  water  is  well  against  the  embankment,  the  exposed  portion 
should  be  treated  as  above,  and  clods,  mixed  with  loose  earth, 
should  be  dumped  into  the  water  over  the  crack  until  the  How  of 
water  has  been  entirely  cut  ofT. 

Lateral  cracks  in  a  levee  are  sometimes  cau.sed  by  the  sinking 
of  a  section  of  embankment  built  on  a  bad  foundation,  while  the 
adjoining  section,  built  on  a  good  foundation,  stands  firm.  Such 
cracks  are  usually  large  and  conspicuous,  and  should  be  .epaired 
during  low  water.  If  not  repaired  then,  they  should  be  treated 
exactly  as  has  been   described   for  cracks  produced  by   unequal 

shrinkage. 

The  attention  which  has  been  devoted  to  draining  old  burrow 
pits,  neighboring  sloughs,  etc.,  has  resulted  in  a  large  reduction  of 
the  nocuous  operations  of  burrowing  animals,  by  destroying  their 
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harbor  and  breeding  places,  causing  them  to  migrate  to  localities 
more  favorable  to  their  pursuits.  But  the  evil  still  exists  to  a 
troublesome  degree.  Burrowing  animals  do  not  work  with  great 
success  in  sandy  soils  because  the  walls  cave  in  behind  them ;  it  is 
in  clay  that  they  do  their  best  work.  For  that  reason  we  find  few 
levees  built  of  sandy  soils  cut  up  with  leaks  made  by  burrowing 
animals.  This  kind  of  leak  is  mostly  found  in  buckshot  or  clay 
levees ;  a  compensating  advantage  exists  in  the  fact  that  such  soil 
does  not  easily  erode  and  a  single  hole  is  not  always  dangerous. 
If  it  is  no  larger  than  two  inches  in  diameter  it  will  do  no  damage 
as  long  as  its  size  does  not  increase.  It  should  be  carefully 
watched,  and,  as  long  as  the  water  it  discharges  is  clear  or  free  of 
sediment,  all  is  well.  But  if  it  discharges  muddy  water  or  a  con- 
siderable quantity  of  sediment,  such  action  is  plain  evidence  that  the 
hole  is  either  a  very  direct  one  or  that  it  is  enlarging  by  erosion,  or 
that  an  animal  or  animals  are  somewhere  at  work  in  it.  It  has 
then  become  a  menace  to  the  safety  of  the  levee  and  should  be 
promptly  treated. 

The  greatest  danger  to  be  apprehended  from  holes  through  any 
kind  of  a  levee  is  the  presence  of  a  large  number  of  them  within 
a  small  area.  As  the  holes  enlarge,  the  intervening  volume  of 
earth  is  correspondingly  reduced ;  individual  enlargement  results 
in  several  holes  working  into  each  other  and  becoming  one  hole,  and 
this  process  of  conversion,  if  not  checked,  may  continue  until 
numerous  small  holes  have  become  one  large  hole  beyond  control. 

Pluggmg  a  hole  is  rather  a  simple  matter  if  the  intake  end  of 
the  hole  can  be  located,  but  to  stop  a  good-sized  leak  at  the  dis- 
charge end  is  tedious,  expensive  and  uncertain.  The  intake  end 
of  a  hole  which  discharges  out  of  the  land  slope  of  the  levee  or  at 
the  base  of  the  levee,  or  just  beyond  the  base  of  a  levee,  may  be 
several  hundred  feet  distant  from  a  point  immediately  abreast  of 
it  on  the  river  side,  or,  if  approximately  abreast  of  it,  a  hundred  feet 
or  more  distant  from  the  base  of  the  levee.  There  being  a  well- 
defined  channel  aft'ording  a  line  of  least  resistance,  the  water  flows 
along  that  line.  But  as  soon  as  the  discharge  end  is  obstructed 
another  line  of  least  resistance  develops,  probably  a  minute  channel 
connected  with  the  main  channel,  which,  under  the  increased  pres- 
sure, rapidly  enlarges  and  the  water  bursts  out  elsewhere.  The 
flow  continues  as  before,  not  infrequently  to  a  greater  extent  if  the 
floAv  line  has  been  made  more  direct. 

The  writer  has  determined  the  location  of  the  intake  end  of  a 
hole  by  the  use  of  unslacked  lime.  This  method  is  very  tedious, 
and  is  not  practicable  if  a  large  area  must  be  investigated.     If  un- 


HiCH-WA'n-.k  rRori-x  riox  Mi-yriiODS.  95 

slacked  lime  be  dropped  into  the  water  just  over  the  intake  ant!  is 
sucked  into  the  hole,  that  fact  will  very  shortly  be  manifested  by 
the  water  dischar^^ed  by  the  hole.  In  order  not  to  confuse  the  loca- 
tion of  the  intake,  small  areas  of  ic^round  only  can  be  covered  at  a 
time. 

The  use  of  lime  is  valuable  in  some  instances,  and  is  recom- 
mended to  determine  if  the  hole  be  direct ;  that  is.  if  its  intake  end  is 
immediately  abreast  of  the  discharge  end  and  within  reasonable 
working  distance  from  the  base  of  the  levee.  The  position  of  the 
intake  end  of  a  hole  largely  governs  the  method  which  .should  be 
employed  to  stop  the  leak.  Tn  the  majority  of  cases  the  intake  end 
of  a  single  hole  is  so  far  removed  from  the  discharge  end  that  it  is 
impossible  to  locate  it.  When  numerous  holes  exist  within  a  small 
space  the  intakes  arc  nearly  always  just  abreast  of  the  discharge- 
ends. 

It  is  not  considered  possible  to  define  a  method  for  universal 
application  in  stopping  leaks.  Nearly  all  leaks  have  to  be  cared 
for  according  to  their  individual  characters,  and  this  can  come  to 
him  in  charge  only  by  long  experience.  The  experienced  physician 
does  not  always  need  a  thermometer  and  pulse  test  to  determine 
that  a  patient  has  fever;  something  almost  intangible,  in  the  appear- 
ance of  the  patient,  the  odor  of  the  room  and  other  things,  make 
the  fact  apparent  to  him.  So  it  generally  is  with  the  experienced 
levee  engineer ;  he  seems  to  know  intuitively  whether  a  hole  is  dan- 
gerous, as  well  as  how  it  should  be  cared  for.  However,  some 
general  rules  apply  to  the  stoppage  of  leaks,  particularly  to  the 
avoidance  of  expensive  and  worthless  work,  which  may  augment 
rather  than  reduce  the  danger. 

A  common  method  for  stopping  leaks,  when  the  tools  and 
materials  are  available,  is  to  drive  whh  a  dolly,  or  light  hand  j)ilc 
driver,  a  single  line  of  sheet  piling  (2  x  12-inch  boards  tongued  and 
grooved  or  otherw-ise  prepared  to  make  close  joint)  into  the  river 
slope  of  the  levee  or  into  the  ground  just  at  or  immediately  beyond 
the  base  of  the  levee  to  a  sufficient  depth  to  encounter  the  hole  or 
holes,  and  thus  cut  off  the  flow  of  water.  This  is  a  certain  and 
comparatively  inexpensive  remedy  if  the  holes  can  be  encountered. 
but  if  the  holes  are  not  covered  the  work  is  worthless  and  its  cost 
will  have  been  wasted.  Sheet  piling  should  therefore  not  be 
employed  when  the  river  side  position  of  the  hole  cannot  be  defi- 
nitely located. 

As  dollies  have  not  been  extensively  used  along  the  river,  a 
brief  description  of  them  is  pertinent.  A  dolly  is  a  stick  of  square 
or  rectangular  shaped  timber  of  varying  size  and  length,  according 
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to  the  driving'  power  desired,  near  to  the  outer  end  of  which,  at 
proper  working  distances  apart,  are  nailed  cross-strips  or  hand- 
boards  to  furnish  convenient  grasp  for  raising  it.  The  inner  end 
rests  on  the  ground  or  a  platform,  and  is  held  in  position  by  several 
stakes  or  pegs  driven  about  it,  the  ground  end  being  but  slightly 
lower  than  the  outer  end  to  maintain  the  dolly  on  something  like  a 
horizontal  plane.  Enough  men  are  put  at  the  handboards  to 
readily  raise  the  outer  end  of  the  stick  several  feet  above  the  object 
to  be  driven.  The  stick  is  raised  and  sharply  let  fall  alternately 
until  the  object  is  driven  to  the  desired  depth.  Great  care  should 
be  observed  in  selecting  the  position  for  the  sheet  piling  with  refer- 
ence to  the  location  of  the  leak  or  leaks  and  the  character  of  the  soil 
composing  the  eml^ankment.  The  very  least  possible  penetration 
by  the  sheet  piling  is  desirable,  to  reduce  vibration  and  avoid  weak- 
ening the  embankment  by  cracking  or  loosening  it.  In  dealing  with 
soils  which  easily  crack  or  loosen  when  penetrated,  the  sheet  piling 
should  never  be  driven  into  the  body  of  the  embankment.  Sheet 
piling  should  also  be  driven  in  the  shortest  possible  time. 

During  the  flood  of  1892  a  crevasse  was  caused  by  inexperi- 
enced men  driving  sheet  piling  into  the  embankment  at  Tessier's 
Plantation,  Pontchartrain  District.  There  were  three  3-inch  holes 
in  the  levee  at  that  place,  discharging  within  a  few  feet  of  each 
other  at  the  land  base  of  the  levee.  These  holes  had  existed  for 
some  years,  and  had  been  frequently  observed.  In  those  days  many 
such  leaks  existed  at  numerous  places  in  that  levee  district ;  a  few 
only  of  them  were  considered  to  seriously  menace  the  safety  of  the 
levee,  and  those  few  were  cut  out  when  the  river  was  low.  But  the 
great  majority  were  allowed  to  remain  undisturbed.  Just  before 
the  flood  reached  its  maximum  stage,  some  of  the  leaks  which  had 
been  allowed  to  continue  showed  serious  symptoms,  and  the  Levee 
Board  decided  to  stop  all  of  them.  In  this  task  a  number  of  the 
bridge  gangs  of  the  Yazoo  and  Mississippi  Valley  Railroad  were 
employed.  A  small  gang  of  men,  without  experienced  direction, 
commenced  work  during  the  afternoon  driving  sheet  piling  into  the 
river  slope  of  the  embankment  at  Tessier.  Mr.  J.  W.  Ross,  a  near- 
by resident  and  ex-member  of  the  levee  board,  has  since  told  me 
that  he  was  present  during  a  part  of  the  afternoon  the  sheet  piling 
was  being  driven ;  that  before  any  of  the  piling  was  driven  the  holes 
Avere  discharging  clear  water,  free  of  sediment,  and  that  the  holes 
gave  no  evidence  that  enlargement  was  in  progress ;  but  that  after 
a  few  planks  had  been  driven  the  holes  commenced  to  discharge 
muddy  water  and  large  quantities  of  sediment.  There  was  no 
relief  gang,  and  work  was  discontinued  at  nightfall,  at  which  time 
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some  six  or  eight  pieces  of  plank  had  hecn  driven.  Ai  about  nine 
o'clock  that  night  the  levee  collapsed,  and  the  river  poured  through 
the  opening.  There  is  scarcely  a  doubt  that  the  piling  cracked  and 
loosened  the  earth  in  the  embankment,  causing  it  to  erode  rapidly, 
and  that  the  sheet  piling  was  the  direct  cause  of  the  failure  of  the 
levee. 

Another,  but  more  costly  method  for  stopping  leaks  having 
their  intake  ends  on  the  front  slope  of  the  levee  or  within  reason- 
able working  distance  of  the  base  of  the  levee,  is  to  drive  vertically 
two  lines  of  i  x  12-inch  boards,  not  necessarily  arranged  to  make 
close  joints,  from  3  to  6  feet  apart,  (distance  regulated  by  height  of 
structure)  with  just  enough  penetration  to  furnish  good  toe  hold, 
sufficiently  braced  longitudinally  and  laterally  to  afford  required 
rigidity.  This  structure  is  built  in  a  continuous  length  from  the 
levee  to  a  point  beyond  the  intakes  and  back  to  the  levee,  and,  after 
the  woodwork  lias  been  completed,  the  interior  formed  by  the  two 
lines  of  plank  is  filled  with  earth.  The  structure  is  commonly  called 
a  mud-box.  Sometimes,  owing  to  scarcity  of  materials  or  to  in- 
experience of  those  doing  the  work,  a  single  line  of  i-inch  plank  was 
driven,  and  the  entire  space  between  it  and  the  levee  was  filled  with 
loose  earth  or  sacks  filled  with  earth.  This  form  of  structure  is 
called  a  bulkhead.  It  is  manifest  that  either  bulkheads  or  mud- 
boxes,  like  sheet  piling,  are  worthless  unless  the  sore  itself — the 
intake  end  of  the  hole — is  reached  and  covered.  The  writer  has 
seen  a  large  amount  of  all  three  of  the  kinds  of  work  described 
which  failed  to  accomplish  any  good. 

Of  the  three  methods  named,  sheet  piling,  when  practicable, 
is  recommended.  It  is  equally  effective,  less  expensive  and  most 
quickly  put  in  place. 

When  a  hole  develops  serious  symptoms  and  its  intake  end 
cannot  be  located,  it  must  be  treated  in  the  most  substantial  manner 
possible  at  the  discharge  end. 

During  the  flood  of  1890  the  writer  experimented  with  iight 
sheet  iron  cylinders  of  dififerent  lengths,  having  a  diameter  varying 
from  10  to  18  inches;  they  were  equipped  with  soldered  handles  at 
intervals  to  afford  good  hand  hold.  To  reinforce  the  cylinders  at 
the  base  about  ten  cubic  yards  of  earth  was  piled  in  conical  shape 
about  the  hole,  a  small  drain  being  left  temporardy  to  take  off  the 
water  flowing  through  the  hole  in  the  levee.  As  soon  as  the  earth 
was  in  place  the  iron  cylinder  was  clapped  over  the  hole  and  forced 
into  the  ground  by  the  weight  of  as  many  men  as  could  get  hand 
hold.  The  surrounding  earth  was  simultaneously  tamped  about 
the  cvlinder.     Not  more  than  two  out  of  a  dozen  of  the  cylinders 
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proved  successful;  none  of  the  large  ones,  over  large  holes,  were 
successful.  The  water  at  first  rose  rapidly  in  the  cylinders,  but 
gradually  diminished  in  rate  until  it  stopped  rising  altogether. 
Generally  the  water  found  a  line  of  less  resistance,  and  broke  out 
through  the  ground  only  a  few  feet  away. 

The  common  method  of  treating  a  leak  at  its  discharge  end  is 
by  building  what  is  locally  termed  a  "horseshoe,"  which  is  noth- 
ing more  than  a  mud-box,  such  as  has  been  already  described,  built 
on  the  land  side  of  the  levee,  and  of  such  length  as  may  be  neces- 
sary to  leave  a  good  margin  of  ground  on  all  sides  of  the  leak. 
While  it  is  expensive,  this  method  is  certain  in  its  results  if  the 
levee  is  not  too  largely  infested  with  leaks,  and  is  recommended  in 
cases  of  serious  leaks  when  the  intake  end  cannot  be  definitely 
located.  In  the  past,  when  lumber  was  not  available  and  sacks 
were  at  hand,  "horseshoes"  were  constructed  by  pyramiding  sacks 
filled  with  earth.  Such  a  structure  is  unnecessarily  expensive,  and 
should  be  discountenanced. 

During  some  of  the  past  floods  the  writer  has  known  short 
lengths  of  levee  to  be  so  infested  with  leaks  that  application  of  all 
th.e  several  remedial  measures,  which  have  been  mentioned,  did  not 
assure  the  .safety  of  the  levee.  In  such  cases  collapse  was  antici- 
pated, and,  to  provide  against  disaster,  several  lines  of  cribs  (the 
number  of  lines  being  regulated  by  the  depth  of  the  water  in  which 
the  structure  was  placed)  were  built  and  filled  with  sacks  filled  with 
earth.  In  other  words,  the  crevasse  was  closed  before  it  occurred. 
The  cribs  were  so  placed  as  to  extend  well  beyond  the  base  of  the 
levee  and  at  both  ends  to  join  sound  embankment. 

These  very  bad  places  were  the  result  of  neglect;  of  faihire, 
when  the  river  was  low,  to  cut  out  leaks  which  were  known  to  exist 
but  which  were  allowed  year  by  year  to  extend  and  enlarge  until 
the  levee  became  thoroughly  rotten  and  scarcely  more  water-tight 
than  a  sieve. 

The  improved  condition  of  the  levee  line  and  the  attention 
which  is  now  usually  devoted  annually  to  repairs  and  maintenance 
vvarrant  the  belief  that  such  extreme  cases  of  bad  levee,  as  have  just 
been  described,  are  things  of  the  past. 

The  treatment  of  leaks  should  in  the  future  be  more  simple 
and  at  the  same  time,  less  expensive  than  in  the  past.  To-day 
much  more  is  known  of  their  character  and  how  to  deal  with  them ; 
and  the  best  remedy  only  of  the  past  should  be  applied  until  some 
more  successful  remedy  is  evolved.  It  is  contemplated,  of  course, 
that  none  but  experienced  men  will  direct  the  work,  and  that  suit- 
able materials  with  which  to  do  the  work  properly  and  economically 
will  at  all  times  be  at  hand. 
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1  he  foreji^Diiis;  iL-marks  refer  to  leaks  of  an  ordinary  cliaraeler. 
but  as  very  extraordinary  leaks  sometimes  oeeur.  it  is  thou^lu 
advisable  to  describe  one  tiiat  came  within  the  writer's  experience 
and  how  it  was  treated,  as  under  simihir  circumstances  the  same 
treatment  would  seem  to  be  best  and  should  be  ajjplied.  The  lol- 
lowinjj  is  (|uoted  from  luy  report  of  the  i^)y  tlo^id  : 

■"Durino-  the  niornint;-  of  April  jj.  when  the  water  was  at  52 
on  the  X'icksburg-  g:afi^e.  a  large  leak  developed  under  the  Ldagget 
levee  (644-R).  At  this  place  both  the  levee  and  surrounding  soil 
are  light  loam.  In  the  rear  of  the  levee  within  30  feet  of  its  base 
there  is  an  old  burrow  pit  al)out  8  feet  deep  with  almost  vertical 
side  next  to  the  levee.  Without  previous  warning  a  6-inch  stream 
of  water  spurted  out  of  the  wall  of  the  ])it  midway  its  height :  it 
did  not  merely  run  out  and  trickle  down,  but  shot  out  as  if  ejected 
from  a  hose.  Its  force  was  so  great  as  to  churn  the  water  into 
foam  in  the  pit  into  which  it  was  discharged.  There  are  many 
theories  as  to  the  origin  of  this  leak,  but  its  cause  will  never  be 
known  unless  the  embankment  should  be  ciU  and  the  hole  traced." 

"It  is  more  than  likely  a  series  of  disconnected  holes  or  small 
cavities  existing  under  the  levee,  due  either  to  burrowing  animals 
or  decayed  vegetation,  or  probably  both,  and  under  the  pressure 
of  water  there  was  leakage  from  one  to  another,  attended  with  a 
certain  amount  of  wash  which  continued  until  the  several  holes  were 
connected  and  made  a  free  passage  for  the  water  through  one  large 
channel  where  the  water  burst  out  as  described." 

"A  large  force  was  immediately  summoned,  and  a  semicircular 
wall  of  sacks  built  alx)ut  6  feet  high  around  the  discharge  end. 
The  interior  space  rapidly  filled,  and  the  .sacks  were  soon  over- 
topped. In  the  meantime  a  large  force  of  teams  was  put  to  work, 
and  a  run  around  commenced  about  100  feet  in  rear  of  the  main 
levee  and  designed  to  be  about  250  feet  long  when  completed.  An 
opening  was  left  in  it  as  an  outlet  for  the  overflow  until  the  new 
embankment  w  as  thought  sufficiently  high  with  proper  cross-section 
to  hold  the  filled  basin,  then  the  opening  was  closed.  The  basin 
filled  rapidly  at  first,  then  more  slowly ;  at  the  end  of  two  days  it 
was  found  that  the  basin  was  still  filling,  and  would  overtop  the 
run  around.  The  teams  resumed  work,  and  the  embankment  was 
raised  3  feet.  The  basin  continued  to  fill,  but  as  the  river  com- 
menced falling  in  a  few  days,  further  raising  was  not  necessary. 
It  now  stands  with  an  8-foot  crown,  about  2  to  i-inch  side  slopes. 
and  a  grade  about  3  feet  lower  than  the  highest  jxMut  reached  by 
the  river." 
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SLOUGHING. 

When  water  has  stood  against  an  earthen  embankment  for  a 
sufficient  time  to  saturate  it,  there  is  always  considerable  seepage 
caused  by  the  river  water  percolating  through  the  pores  or  inter- 
stices of  the  embankment.  The  amount  of  seepage  is  usually  gov- 
erned by  the  porosity  of  the  soil  composing  the  embankment.  Seep- 
age is  not  usually  free  in  embankments  composed  of  clayey  mate- 
rials ;  when  seepage  does  seem  to  exist  in  them  to  a  considerable 
extent,  it  is  more  properly  leakage  due  to  cracks  in  the  embankment 
caused  by  contraction  in  drying  out  or  to  unequal  shrinkage.  Seep- 
age is  freest  in  embankments  composed  of  sandy  soils ;  the  coarser 
the  grain  of  sand  the  freer  the  seepage,  because  the  soil  does  not 
become  sufficiently  compacted  during  the  time  the  embankment  is 
constructing  to  render  the  mass  impervious  to  water.  Voids  are 
of  large  or  small  size,  depending  on  the  coarseness  of  the  grains  of 
sand.  Under  water  pressure  the  voids  soon  become  connected  and 
form  numerous  minute  channels,  which  wash  and  enlarge  as  the 
flood  is  prolonged  or  the  pressure  increased  by  greater  height. 

Seepage  produces  a  general  softening  or  rotting  of  the  land 
slope  of  the  embankment.  The  soil  at  this  point  often  becomes 
semi-fluid,  and,  if  the  slope  be  steep,  a  part  of  the  embankment  will 
slough  or  slide  out,  producing  a  corresponding  loss  of  cross-section. 
The  writer  has  never  known  a  first  slough  to  extend  higher  up 
than  one-half  of  the  slope  of  the  levee.  If  the  seepage  be  not 
stopped,  a  second  slough  will  occur  higher  up  as  soon  as  the  face 
made  by  the  first  slough  has  been  reduced  to  a  semi-fluid  condition ; 
this  action  will  progress  in  steps  until  the  embankment  has  sloughed 
across  its  entire  cross-section  as  far  as  the  water.  Its  action  being 
progressive,  sloughing  does  not  constitute  an  element  of  great  dan- 
gev,  for  there  is  always  ample  time  to  stop  it ;  treatment  is  simple 
if  the  principles  involved  be  understood. 

To  arrest  sloughing,  good  land-side  drainage  and  stoppage  of 
the  seepage  are  essential.  A  competent  drain  ditch  should  be  cut, 
about  2  feet  clear  of  the  base  of  the  levee,  to  conduct  the  seepage 
water  as  frequently  as  possible  to  some  natural  line  of  drainage  in 
the  rear  of  the  levee.  Additionally,  numerous  small  V-shaped 
gullies,  an  inch  or  so  only  wade  and  deep  should  be  cut  in  the  land 
slope  of  the  levee  to  promptly  deliver  the  seepage  water  to  the  drain 
ditch.  The  position  and  size  of  the  drain  ditch  and  gullies  should 
be  such  as  to  assure  the  removal  of  the  seepage  water  as  fast  as  it 
comes  through  the  embankment,  for  if  this  water  is  allowed  to 
stand,  the  land  slope  will  not  become  water-soaked  and  its  integrity 
will  be  preserved. 
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The  next  step  is  to  stop  the  seei)a^'e;  this  is  etYeetc<l  by 
(himping  loose  earth  into  the  water  in  sufficient  quantity  to  cover 
the  submerged  front  slope  with  a  blanket  of  fresh  soil  several  inches 
thick,  the  coarser  particles  of  which  will  be  sucked  into  the  inter- 
stices or  small  channels.  These  soon  expand  from  wetting,  and 
shortly  the  seepage  will  be  "choked."  The  layman  who  sees  this 
work  in  i)rogress  will  immediately  classify  dtnnping  loose  earth  in 
die  water  as  sheer  nonsense,  but,  as  a  matter  of  fact,  the  good  effect 
will  manitest  itself  in  a  short  while  after  work  has  been  commenced  ; 
at  hrst  bv  reduced  seepage,  a  little  later  by  entire  stoppage  and  ulti- 
mately by  the  mass  drying  out  and  showing  no  further  inclination 
to  move. 

If  sloughs  be  treated  when  they  first  occur, or, better  still,  before 
they  occur,  when  their  approaching  occurrence  is  clearly  indicated 
to  the  experienced  eye  by  the  presence  of  excessive  moisture  on  thr 
land  slope,  much  annoyance  and  expense  can  be  avoided.  As  the 
treatment  of  sloughs  is  necessarily  expensive  when  a  number  occur 
in  close  proximity  and  the  supply  of  labor  is  limited,  they  may  be 
only  partially  instead  of  wholly  treated:  that  is,  in  lieu  of  putting 
a  large  enough  blanket  of  loose  earth  on  the  river  slope  of  the  levee 
to  provide  against  further  seepage  during  the  entire  flood  period. 
Only  a  small  blanket  need  be  put  on,  just  enough  to  stop  the  seep- 
age for  a  few  days.  The  wheeling  runs  should  be  left  in  position, 
and,  as  soon  as  seepage  again  manifests  itself,  work  should  be  re- 
sumed until  the  flow  is  once  more  stopped.  In  this  way  a  force  of 
fifteen  to  twenty  men  may  be  kept  nearly  constantly  employed  work- 
ing from  slough  to  slough. 

It  is  usually  the  case,  when  a  slough  occurs  and  an  inexperi- 
enced man  tries  to  correct  it,  that  he  will  endeavor  to  restore  the 
lost  cross-section  with  earth  or  sacks.  This  does  no  good,  but 
rather  tends  to  augment  the  trouble,  because  the  .slough  is  thereby 
rendered  more  difficult  to  drain,  and  at  the  same  time  that  much 
more  weight  is  put  on  the  semi-fluid  mass  to  .squash  it  out.  which 
invariably  inills  with  it  some  of  the  remaining  good  embankment. 
He  does  this  because  he  does  not  understand  what  produces  the 
slough.  He  does  not  know  that  it  is  caused  by  too  free  leakage 
through  the  embankment  and  inefficient  land-side  drainage. 

The  writer  received  his  first  lesson  in  treating  sloughs  by  ob- 
serving men  at  work  about  a  fleet  of  coal  barges.  If  a  barge  starts  a 
seam  leak,  it  is  impracticable  to  dig  away  the  coal  to  get  at  it.  It 
is  equally  impracticable  to  detect  the  leak  by  feeling  along  the 
outer  or  water  side  of  the  barge,  as  the  inflow  is  too  light  to  be 
detected  bv  the  hand,  and  then,  again,  as  a  loaded  barge  draws 
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from  8  to  i;  feet  of  water,  it  would  oftentimes  be  impossible  to  reach 
the  leak  liy  hand.  ]>ut  the  coal  barge  man  has  a  supply  of  coarse 
sawdust,  and  by  means  of  a  long  handle,  to  which  it  is  attached, 
lowers  a  cup  of  sawdust  in  the  water  within  close  proximity  to  the 
leak,  shakes  it  gently,  just  next  to  the  barge,  and,  as  the  sawdust 
floats  out  of  the  cup,  some  of  it  is  drawn  into  the  crack  and  becomes 
lodged ;  it  very  shortly  gets  wet  and  swells,  and  the  leak  is  choked. 
The  same  principle  applies  to  stopping  sloughs. 

SINKING. 

Sinking  embankment  is  treacherous  and  requires  the  most 
careful  attention  and  the  exercise  of  good  judgment  in  its  treatment 
to  prevent  disaster.  It  is  treacherous  because  its  action  is  sudden 
and  not  always  attended  with  premonitory  signs,  and  good,  judg- 
ment must  be  exercised  in  treating  it,  lest  the  remedial  measures 
prove  destructive.  A  troublesome  feature  which  attends  the  care 
of  a  sinking  levee  is  that  it  is  invariably  situated  in  an  ill-drained 
swamp,  which  soon  tills  up  with  seepage  or  rainwater,  and  earth 
with/\vhich  to  repair  it  is  not  immediately  accessible,  having  gener- 
ally to  be  transported  a  long  distance  on  barges.  At  the  present 
time  there  are  only  two  lengths  of  sinking  levee  in  the  Fourth  Dis- 
trict. One  of  them,  which  covers  about  2O0O  lineal  feet,  is  at 
Kempe  in  the  Lower  Tensas  District,  and  the  other,  which  is  a 
small  affair  about  50  feet  long,  is  at  Point  Manoir  in  the  Atchata- 
laya  District. 

Several  sinking  levees,  of  greater  lengths  and  attended  by  sul)- 
sidence  of  greater  extent  than  the  two  levees  just  named,  have  been 
experienced  in  the  past,  but  after  much  work  they  were  made  secure. 
The  most  aggravated  cases  of  sinking  seem  to  have  a  limit  of  sub- 
sidence, and  it  is  only  a  question  of  continuing  to  pile  on  earth  to 
secure  a  substantial  embankment.  The  levees  at  Kempe  and  at 
Point  Manoir  should  therefore  be  made  secure  in  time. 

A  levee  sinks  because  it  is  built  on  a  foimdation  composed  of 
quicksand  or  some  other  equally  soft  or  semi-liquid  material,  the 
power  of  which  to  sustain  weight  is  governed  by  the  degree  of 
moisture  contained  at  the  time  the  weight  of  the  embankment  is  put 
on.  It  has  sometimes  occurred  that  the  sustaining  power  has,  dur- 
ing construction,  been  sufficient  to  support  the  embankment,  and  no 
movement  has  taken  place  until  some  later  date,  when  the  strength 
of  thq  foundation  has  become  impaired  by  being  excessively  wetted. 

It  has  been  the  general  experience,  however,  that  all  aggra- 
vated cases  of  sinking  levee  have  been  attended  by  considerable  sub- 
sidence during  construction. 
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As  the  weig-ht  of  the  cnil)ankmcnt  is  iIk-  direct  ciusc  of  the 
sinking-,  care  must  be  observed  not  to  add.  (hiring  a  flood,  more 
earth  than  is  actually  necessary  to  hold  the  water.  As  tlie  einbank- 
nient  subsides,  the  very  lightest  jxissible  addition  should  be  made  to 
maintain  an  elevation  several  feet  above  the  water  surface  and  the 
narrowest  width  of  cross-section  that  will  resist  seepage.  This  will 
entail  almost  continuous  work  of  small  amount  rather  than  a  large 
amount  at  intervals.  It  must  not  be  forgotten  that  if  a  large 
amount  of  earth  should  be  added  in  a  short  s])ace  of  time,  the  rate 
of  sinking  will  be  accelerated,  and  the  addition  will  do  more  harm 
than  good. 

Sinking  embankment  seldom  subsides  uniformly.  I'arts  of  it 
sink  faster  than  others,  causing  the  levee  to  crack  longitudinally. 
There  is  usually  one  large  crack  along  the  crown  of  the  levee. 
though  sometimes  other  but  smaller  parallel  cracks  occur.  C_are 
nuist  be  taken  to  keep  tlie  water  excluded  from  all  or  as  many  of  the 
cracks  as  possible,  particularly  the  largest  one.  As  soon  as  water 
enters  a  crack,  hydrostatic  pressure  is  exerted  on  the  section  of 
eml)ankment  in  the  rear  of  the  crack,  and  the  remaining  embank- 
ment in  front  of  the  crack  is  rendered  valueless  as  a  factor  of 
strength  in  resisting  the  ]:)ressure  of  the  river,  h'or  this  reason  the 
addition  which  is  made  to  keep  the  top  of  the  levee  above  the  water 
surface  should  be  placed  as  far  as  practicable  to  the  water  side  of 
the  crack.  Lateral  cracks  which  would  let  the  water  into  the 
longitudinal  cracks  must  be  guarded  against  and  immediately 
stopped  if  any  occur.  If.  as  is  somewhat  common,  there  is  seej^age 
through  a  sinking  embankment,  prompt  measures  must  be  taken 
to  remove  the  seepage  water  in  the  manner  described  for  treating 
sloughs.  As  much  depends  upon  keeping  the  levee  dry,  it  is 
advisable  to  spread  tarpaulins  on  the  entire  sinking  levee  or  at  least 
cover  the  large  cracks  while  rain  is  falling,  to  prevent  wetting  and 
to  exclude  rainwater  from  the  cracks. 

A  sinking  levee  may  be  compared  to  a  sick  baby,  and  requires 
the  .>^ame  continuous  attention  and  care.  As  only  a  small  margin 
of  safety  exists,  a  competent  force,  equipped  with  ample  materials, 
should  be  retained  at  the  levee  night  and  day.  prepared  to  care  for 
emergencies  at  a  moment's  notice. 

w  .\\i:-w.\sn. 

Wave-wash  is  common  on  levees  exposed  to  full  wave  action 
and  not  protected  by  a  close  growth  of  grass  or  some  artificial 
device.  It  is  a  much  overrated  danger,  and  has  been  the  cause  of 
the   needless   expenditure   of   large   sums   of   money    in    the   past. 
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Wave-wash  is  misleading  in  its  appearance  ;  in  nearly  every  instance 
its  worst  feature  is  visible,  but  the  inexperienced  invariably  con- 
ceive the  idea  that  the  vertical  face  made  by  the  wash  extends  to 
the  base  of  the  levee  and  that  the  cross-section  of  the  levee  has  been 
so  much  reduced  as  to  seriously  endanger  the  embankment.  As  a 
matter  of  fact  the  deposed  soil  settles  into  position  just  under  the 
water  surface  and  the  reduction  of  the  cross-section  is  no  greater 
than  is  apparent  above  the  water  surface. 

There  was  a  time  in  the  past  when  the  cost  of  moving  earth 
was  comparatively  high,  and  it  was  less  expensive  to  prevent  a  part 
of  the  levee  washing  away  than  to  allow  it  to  wash  away  and  after- 
wards replace  it.  But  this  condition  no  longer  exists;  under  ruling 
prices  for  moving  earth  it  is  cheaper  to  restore  wave-wash  than  to 
prevent  it  with  revetment.  Revetment  should  therefore  not  be  re- 
sorted to  until  the  safety  of  the  levee  is  endangered,  which,  in  the 
writer's  opinion,  is  not  until  the  crown  itself  has  been  attacked.  It 
is  accordingly  recommended  that  no  steps  be  taken  ito  arrest  wave- 
wash  until  the  vertical  face  it  cuts  has  reached  the  river  edge  of  the 
crown  of  the  embankment. 

When  revetment  is  used,  as  its  service  will  be  but  temporary, 
the  most  inexpensive  structure  should  be  employed.  Such  a  struc- 
ture consists  of  posts  3x3  inches  or  4  x  4  inches,  driven  into  the 
river  slope  of  the  levee  and  inclining  towards  the  levee  at  an  angle 
of  15°  to  20°  from  vertical;  the  upper  end  of  these  posts  should  be 
rendered  immovable  by  2  x  6-inch  braces  connecting  them  with  a 
short  piece  4x4  inches  or  2  x  6  inches,  called  an  "anchor,"  driven 
in  the  crown  of  the  levee.  The  posts  should  be  placed  not  more 
than  6  feet  apart,  to  give  the  structure  sulftcient  rigidity  to  resist 
the  bufTeting  of  the  waves.  To  the  outer  face  of  the  post  must  be 
nailed  i  x  12-inch  boards,  laid  horizontally,  care  being  taken  to 
have  the  bottom  board  everywhere  throughout  its  length  rest  firmly 
on  the  slope  of  the  embankment  to  prevent  under  wash.  It  is  not 
usually  necessary  to  maintain  the  boarding  higher  than  2  feet  above 
the  water  surface  to  provide  against  destructive  overwash.  If  re- 
vetment be  placed  in  the  early  stages  of  a  flood,  the  posts  should  be 
made  long  enough  to  stand  such  additional  plank  as  the  rising  river 
may  afterwards  necessitate. 

EXCESSIVE  EROSION   AT  SALIENT  ANGLES. 

This  is  a  danger  which  is  not  often  encountered,  and  it  may  be 
easily  provided  against;  its  existence  is  directly  due  to  the  in- 
experience or  inattention  to  duty  of  the  constructing  engineer. 

Acute  salient  angles  are  rarely  put   in   new   levee  lines :  the 
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most  acute  angles  put  in  new  levee  lines  are  the  re-entering  angles. 
Acute  salient  angles  in  the  controlling  line  of  levee  are  usually  found 
at  the  junction  of  a  new  levee  with  an  old  one.  If  such  a  junction 
occur  behind  a  sharp  point  in  the  line  of  the  river,  it  will  be  sub- 
jected to  excessive  velocity  of  the  current.  When  the  river  is 
extraordinarily  high,  the  distance  across  a  point  is  so  much  shorter 
than  the  length  of  the  channel  around  the  point  that  the  river  pours 
across  the  point  with  increased  velocity.  This  excessive  flow 
should  be  restrained  from  exerting  any  influence  on  the  controlling 
line  of  levee  by  leaving  the  old  levee,  which  the  new  levee  adjoins, 
undisturbed  for  several  hundred  feet  from  the  junction.  In  build- 
ing new  levees  it  is  a  common  practice  to  cut  away  the  old  levee, 
which  may  be  nearby,  to  secure  better  building  material  and  at  the 
same  time  to  reduce  the  length  of  haul.  There  is  generally  no 
objection  to  doing  this,  but  in  cases  of  salient  angles,  which,  under 
the  circumstances  above  related,  would  be  exposed  to  excessive 
wasli.  the  practice  should  be  omitted. 

If,  however,  a  salient  angle  should  be  washing  at  a  dangerous 
rate,  the  wash  may  be  arrested  by  constructing  a  wing  dam  to  check 
and  divert  the  current.  A  suitable  and  inexpensive  wing  dam  con- 
sists of  a  crib  similar  to  that  described  under  the  head  of  "I^aks," 
built  at  an  angle  of  about  45°  to  the  axis  of  the  flow  on  the  upper 
side  of  the  salient  angle.  The  wing  dam  should  be  commenced  at 
a  point  on  the  levee  about  50  feet  above  the  angle,  and  extended  so 
far  that  its  outer  end  reaches  to  or  overlaps  the  salient. 

CUTTING. 

Cutting  a  levee  by  malicious  or  insane  persons  can  be  prevented 
only  by  closely  guarding  the  line  while  the  water  is  near  enough  to 
its  top  to  permit  the  work  of  cuttmg  to  be  done  in  a  short  time. 
Remedial  measures  are  of  no  avail ;  preventive  measures  ;i\in\c  must 
be  employed. 

EQUIPMENT   AND   GRG.VNIZATION. 

To  execute  most  economically,  as  the  exigencies  of  the  situa- 
tion demand,  any  of  the  various  kinds  of  work  which  have  been 
described,  suitable  tools  and  materials  and  ample  labor  under  compe- 
tent direction  must  be  at  hand.  As  has  been  stated,  much  waste 
has  resulted  in  the  past  from  the  use  of  other  than  the  material.s 
best  suited  because  the  most  suitable  materials  were  not  available, 
and  from  incompetent  direction  of  the  work.  In  protection  work. 
as  in  other  things,  "a  stitch  in  time  saves  nine."  Much  expense 
may  often  be  avoided  if  a  weakness  be  discovered  in  its  incipiency 
and  promptly  corrected. 
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Xo  high-water  protection  system  can  he  complete  without  good 
transportation  and  good  communication  faciHties.  To  make  tools 
and  materials  readily  available,  supply  depots  should  be  established 
every  five  miles  along  the  levee  line,  and  these  depots  should  be 
connected  by  telephone  service. 

Each  of  these  depots  should  be  provided  with  a  house  in  which 
to  store  tools  and  materials  and  incidentally  to  furnish  sleeping 
and  eating  quarters  for  watchmen  and  workmen;  each  depot 
should  be  equipped  with  two  small  flatboats  to  move  tools  and 
materials  to  points  where  they  may  be  needed. 

By  the  time  the  river  has  reached  42  feet  at  Mcksburg,  and. 
later  on,  42  feet  at  Red  River  Landing,  there  should  be  an  inspector 
in  the  field  having  general  supervision  of  the  high-water  work  for 
about  135  miles  of  levee  line.  He  should  keep  constantly  moving* 
over  the  line  to  instruct  his  assistants  and  to  see  that  they  properly 
discharge  their  duties ;  he  should  also  keep  himself  informed  as  to 
the  materials  on  hand  as  well  as  those  which  may  be  required. 

Under  his  direction  there  should  be  inspectors  having  local 
supervision  of  the  work  on  20  miles  of  the  levee  line  each.  These 
men  should  inspect  every  foot  of  the  levee  line  on  their  beat  at  least 
once  in  every  twenty-four  hours.  As  soon  as  they  arrive  on  the 
ground,  the  embankment  should  be  thoroughly  cleared  of  all  weeds 
and  coarse  vegetation,  and  the  grass  should  be  mowed  close  to  the 
surface  in  order  to  fully  expose  the  entire  surface  to  the  closest 
scrutiny.  At  the  same  time,  existing  drain  ditches  near  the  land 
base  of  the  levee  should  be  cleared  and  put  in  good  order.  If  such 
ditches  do  not  exist  they  should  be  promptly  cut.  As  the  river 
rises,  or  the  amount  of  protection  work  increases,  the  20-mile  beat 
should  be  reduced  to  such  a  length  that  the  inspector  can  inspect 
every  foot  of  it  daily,  and  otherwise  give  it  proper  attention  and 
competently  direct  all  necessary  work. 

Whenever  the  water  in  the  river  gets  within  3  feet  of  the  crown 
of  the  embankment,  a  reliable  day  and  night  w-atchman,  in  addition 
to  the  inspector,  should  be  placed  on  every  2^  miles  of  the  levee 
line,  and  the  watchmen  should  be  required  to  constantly  patrol  their 
beat  during  the  night  as  well  as  during  the  day.  If  dangerous 
places  develop,  no  matter  what  the  height  of  the  river  may  be,  a 
day  and  night  watchman  should  be  retained  at  each  of  such  places- 
in  addition  to  the  patrol  watchman. 
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By  Joseph  H.  Curtis  and  Channing  Howard,  a  Committee  ok  the  Boston 
Society  of  Civil  Engineers. 


[Read  before  the  Society,  March  21,  1900] 

Mr.  Charles  Edward  Cusiiixg  Breck  was  horn  in  Milton. 
May  8,  1834.  He  was  educated  in  the  public  schools  of  the  town, 
and  took  a  supplementary  course  at  the  Milton  Academy.  At  the 
age  of  twenty-one  he  engaged  in  land  surveying,  in  Milton  and 
adjoining  towns,  with  his  father,  the  late  Charles  Breck. 

In  1862  he  assisted  in  forming  and  enlisted  in  Company  B  of 
the  Forty-fifth  Regiment,  Massachusetts  Volunteers.  He  was  first 
a  corporal,  afterwards  a  sergeant,  and  served  creditably  until  the 
return  of  the  regiment  from  service.  After  his  return  from  the 
war  Mr.  Breck  engaged  in  farming  and  floriculture  until  1870, 
when  he  formed  a  partnership  with  Herbert  T.  Whitman,  as  civil 
engineers  and  surveyors,  under  the  firm  name  of  Whitman  &  Breck. 
which  partnership  continued  until  1885.  As  a  member  of  the  above 
firm  he  was  very  actively  engaged  in  the  business  of  his  profession 
in  Boston  and  suburbs,  and  in  New  England  in  general,  in  these 
fifteen  years  doing  a  very  large  amount  of  work. 

During  this  period  the  firm  did  considerable  steam  railroad 
engineering,  including  the  construction  of  the  Boston,  Revere  Beach 
and  Lynn  Railroad,  which  was  accomplished  in  a  remarkably  short 
space  of  time,  presenting,  as  it  did,  most  of  the  problems  of  a 
longer  section  of  railroad;  also  including  the  construction  of  the 
Winthrop  Branch  Railroad,  the  beach  railroad  from  Point  of  Pines 
to  Point  Shirley,  work  on  the  Manchester  and  Keene  Railroad,  the 
Harwich  and  Chatham  Railroad,  the  proposed  Boston,  Lawrence 
and  Haverhill  Railroad  and  a  proposed  elevated  railroad  system  for 
Boston  and  suburbs.  A  general  engineering  and  surveying  busi- 
ness of  considerable  magnitude  was  maintained  during  these  years, 
many  properties  of  successful  land  companies  around  Boston  being 
laid  out  and  developed,  notably  at  Winthrop  and  on  the  North 

Shore. 

After  dissolving  partnership  with  Mr.  Whitman.  Mr.  Brock 
continued  to  practice  his  profession  actively  as  a  civil  and  landscape 
engineer.  He  was  engaged  in  the  construction  and  surveys  of 
many  public  and  private  grounds,  and  served  a«;  .oTnuiissioncr  for 
abolition  of  grade  crossings,  etc. 
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During  about  thirty  years  of  business  in  Boston  Mr.  Breck 
occupied  only  two  different  offices, — viz,  at  209  Washington  street, 
and  at  85  Devonshire  street.  Mr.  Breck  lived  nearly  his  whole  life 
in  Milton,  Mass.,  and  served  several  years  on  the  School  Committee 
and  other  committees,  but  was  not  generally  ambitious  to  hold 
public  office. 

In  1894  Mr.  Breck  suffered  from  an  attack  of  the  grippe,  and 
never  fully  recovered  his  health.  His  death,  from  apoplexy, 
occurred  January  29,  1899. 

Mr.  Breck  was  married,  in  1857,  to  Mary  S.  Stone,  of  Belmont, 
who,  with  three  daughters,  survives  him.  He  was  a  member  of  the 
Boston  Society  of  Civil  Engineers,  of  the  Boston  Veteran  Firemen's 
Association,  Macedonian  Lodge,  F.  and  A.  M.,  of  Milton,  and 
Huntington  F.  Wolcott  Post  102,  G.  A.  R.,  of  Milton. 

Mr.  Breck  was  a  most  companionable  and  genial  gentleman, 
always  ready  to  oblige  others,  even  at  a  sacrifice  of  his  own  time  and 
interests,  and  his  genial  presence  will  be  much  missed  and  mourned 
by  all  his  professional  and  other  associates. 


Editors   reprinting  articles  from   this  journal   are  re<iuestcd   to  credit  botti 
the  Journal  and   tlic  Society  before  which  such  articles  were  read. 
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Bv  W.   O.   Hexderek,   Member  of  Civii.  Engineers'   Club  of  Clevel.wd. 


[Read  before  the  Club.  September  11,  1900.*] 
Many  vears  ago  certain  truths  were  expressed  by  a  noted 
public  speaker  from  which  there  originated  the  famous  motto, 
"Eternal  vigilance  is  the  price  of  liberty."  By  changing  one  word, 
and  making  it  read  "Eternal  vigilance  is  the  price  of  safety."  the 
motto  is  rendered  no  less  true  and  trite,  for  in  this  world  of  ours 
every  man  must  be  vigilant  and  alive  to  his  own  interests  to  suc- 
ceed. How  manv  men  when  buying  any  article  or  commodity 
would  feel  that  they  were  secure  in  their  jnirchase  if  they  did  not. 
cither  themselves  or  through  an  agent,  assure  themselves  that  they 
were  to  get  what  they  paid  for? 

Watch  the  careful  man  when  he  buys  a  pair  of  shoes,  for 
instance.  He  first  decides  just  what  he  wants,  then  he  g.^es  to  his 
dealer  and  states  his  wishes.  The  shoes  are  brought  f<>rth  :  he 
looks  them  over,  and  if  they  are  good  shoes  and  of  the  quality  he 
desires  he  accepts  and  pays  f.^-  them.  In  his  dealings  with  the 
shoe  man.  then,  his  procedure  covers  two  things.— specification  and 

inspection.  . 

So  it  is  when  a  man  or  a  corporatirni  buys  a  bridge,  a  building 
or  am-  structure  containing  iron  or  steel.  The  careful  man  or 
corporation  is  vigilant  to  his  own  interests  and  safety  in  assuring 
himself  or  itself  that  everv  detail  is  constructed  just  as  it  should 
be.  and  that  the  materials  are  of  the  quality  he  desires  and  pays 
manuscript  received  September   15.   IQOO.-Secretary.  AsVn  of  Eng.  Sees. 
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for.  To  this  end  plans  showing  just  what  is  wanted  and  specifica- 
tions setting-  forth  in  detail  the  method  of  construction  and  the 
quality  of  the  materials  and  workmanships  are  prepared.  This  is 
the  specification  part  of  the  dealings.  Then,  when  the  structure  is 
being  built,  the  purchaser  watches  it,  or  causes  it  to  be  watched,  to 
see  that  all  the  details  and  conditions  of  his  plans  and  specifications 
are  met  and  complied  with.     This  is  the  inspection  part  of  the  work. 

But  in  the  case  of  iron  or  steel  structures  no  cursory  examina- 
tion can  truly  determine  whether  the  material  and  workmanship  is 
all  as  it  should  be.  No  scrutiny  of  a  finished  piece  of  iron  or  steel 
can  discover  whether  or  not  it  is  free  from  imperfections  in  its 
composition,  and  from  abuse  in  the  treatment  it  has  received  dur- 
ing the  various  processes  in  the  manufacture  of  the  finished  parts 
of  the  structure  that  may  seriously  and  even  fatally  afifect  its 
strength.  To  be  sure  that  he  is  getting  what  he  is  paying  for  the 
buyer  must  have  means  of  knowing  that  the  raw  materials  are  of 
good  quality  ;  that  the  metal  when  rolled  contains  no  harmful  ingre- 
dients in  dangerous  quantity ;  that  the  material  is  properly  handled, 
straightened  and  finished ;  that  the  various  processes  incident  to  its 
manufacture  into  bridge  or  other  structural  parts  are  all  properly 
and  conscientiously  done ;  that  the  parts  when  finished  are  all  of 
proper  size ;  that  they  are  painted  and  treated  as  they  should  be ; 
in  short,  he  must,  either  himself  or  by  a  representative  working  in 
his  interest,  follow  the  progress  of  the  material  from  the  ore  to  the 
finished  structure.  Then,  and  then  only,  can  he  be  reasonably  posi- 
tive that  his  structure  is  what  he  desires  and  pays  for. 

Such  careful  attention  to  details  requires  that  some  one  be  at 
mills  at  all  times  when  material  is  being  rolled  for  the  work  in 
hand  to  conduct  the  tests  of  all  the  material  produced,  and  to- 
measure  and  carefully  examine  the  bars  as  they  are  finished.  Tt 
requires  that  some  one  be  at  the  shops  during  the  manufacture  of 
the  parts  of  the  proposed  structure  from  the  material  received  from 
the  mills  to  see  that  all  the  details  of  the  treatment  it  receives  are 
in  accordance  with  the  specifications,  and  that  the  finished  parts  all 
comply  with  the  requirements  as  to  size  and  quality  of  workman- 
ship. 

Few  purchasers  can  look  after  such  things  personally.  They 
have  other  things  to  attend  to.  Engineers  and  architects  in  charge 
of  structures  have  all  they  can  do  to  superintend  the  other  parts  of 
the  work  in  hand.  The  matter  of  the  inspection  of  the  materials 
entering  into  them  is  a  detail  that  they  must  intrust  to  an  assistant, 
and  so  men  expert  in  this  particular  sort  of  superintendence  have 
become  useful  and  have  found  their  places  among  the  arts.     The 
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inspector  makes  it  his  business  to  fully  understand  all  the  various 
processes  and  their  results,  and  tn  look  after  his  client's  interests 
in  all  respects. 

There  was  a  time  when  one  man  could  comf<jrtal)ly  attend  to 
such  duties  himself,  and  personally  follow  the  progress  of  the 
material  in  all  its  various  processes.  The  shops  and  mills  at  which 
iron  was  manufactured  and  where  the  finished  parts  of  structures 
were  produced  were  often  one  and  the  same,  or,  if  not,  the  pro- 
cesses followed  each  other  in  such  rotation  that  one  man  could  get 
from  mill  to  shop  and  keep  proper  consecutive  track  of  the  work. 
But  the  industry  has  of  late  years  grown  to  such  enormous  propor- 
tions and  has  extended  over  such  a  large  area  that  it  is  impossible 
for  one  man  to  properly  inspect  the  work  in  all  its  stages.  Bridge 
companies  now  have  a  number  of  mills  from  which  to  order  the 
material  necessary  for  their  work.  They  are  likely  to  have  plates 
from  one  mill,  beams  and  chaimels  from  another  and  other  shapes 
from  still  a  third ;  and  the  mills  are  often  great  distances  apart. 
Frequently,  too,  the  shop  is  at  work  on  some  portions  of  a  contract 
while  the  mills  are  still  furnishing  materials.  It  is  manifestly  out 
of  the  question  for  any  one  man  to  thoroughly  inspect  work  at  all 
these  places  at  one  time.     He  nnist  have  assistance  in  some  way. 

Men  who  have  become  expert  and  experienced  in  this  sort  of 
work  have  made  inspection  their  particular  business,  performing 
this  service  at  a  compensation  based  on  the  tonnage  in  the  work, 
instead  of  entering  the  service  of  the  engineer  or  architect  in  charge 
at  a  salarv.  Such  men,  as  they  found  it  impossible  to  economically 
perform  their  duties  ix>rsonally  on  account  of  the  excessive  expenses 
of  traveling  about,  adopted  the  method  of  reciprocating  among 
themselves,  an  inspector  in  Pittsburg  undertaking  to  ilo  the  mill 
inspection  on  one  piece  of  work  for  another  located  in  Philadelphia, 
while  the  latter  attended  to  shop  inspection  at  shoi)S  in  his  vicinity 
for  the  former.  Naturally,  from  such  alliances  among  inspectors, 
there  has  resulted  the  formation  of  inspection  bureaus  or  companies. 
Such  companies  employ  men  permanently  at  the  various  mills  and 
shops,  and  maintain  extensive  general  offices,  at  which  the  clerical 
work  of  copving  and  forwarding  reports  of  tests,  progress  of  work. 
etc..  is  performed.  Bv  securing  large  quantities  of  inspection  work 
thev  are  able  to  keep  good  men  at  all  the  localities  neces.sary.  mam- 
taining  a  perfect  svstem  of  effective  inspection  and  givmg  their 
clients  regular  reports  of  the  quality  of  material  and  workmanship 
and  the  progress  of  the  work,  and  information  as  to  tests,  ship- 
ments, etc..  which,  when  completed,  comprises  an  accurate  record 
of  the  structure  in  question  and  surety  that  it  is  built  as  it  should  be. 
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Such  a  company,  to  be  effective  and  to  economically  perform 
good  service,  recpiires  the  most  careful  organization  among  its 
corps  of  inspectors  and  clerks.  Detailed  systems  for  the  Handling 
of  such  work  have  been  adopted  by  some  companies  as  the  result 
of  much  study  and  experience,  and  the  inspection  of  various  classes 
of  work  for  clients  in  all  parts  of  this  country  and  abroad,  done  at 
mills  and  shops  in  all  the  centers  of  manufacture,  is  performed  with 
the  machine-like  regularity  and  unifoiniity  which  alone  is  the  safe- 
guard against  mistakes,  lost  records  and  careless  work. 

The  following  brief  description  of  the  methods  adopted  by  the 
inspection  department  of  the  Osljorn  Engineering  Company,  of 
Cleveland,  Ohio,  one  of  the  principal  inspection  bureaus  of  this 
country,  will  illustrate  the  care  taken  to  give  all  work  the  closest 
attention,  to  keep  track  of  its  employes  and  to  insure  the  l)est  results 
to  its  clients. 

Wdien  the  contract  for  a  bridge  or  for  any  other  steel  or  iron 
structure  is  let  the  inspecting  company  and  the  contracting  bridge 
company  are  mutually  notified.  The  former  is  supplied  with  a 
copy  of  the  strain  sheet  and  general  plans  and  specifications.  These 
are  first  examined  at  the  inspecting  company's  general  office,  and 
any  necessary  notes  made  of  special  features,  and  then  sent,  with 
instruction  slip  A  attached,  to  their  inspector  located  at  the  con- 
tractors' shops.  When  the  bridge  company  places  its  orders  for 
material  with  the  various  mills  copies  of  these  orders  are  sent  to  the 
inspecting  biu'eau,  where  they  are  copied  in  duplicate  on  the  blanks 
C,  one  copy  of  which  is  sent,  with  instruction  slip  B  attached,  to  the 
inspectors  located  at  the  various  mills  where  the  material  is  to  be 
rolled.  The  weights  of  the  various  items  of  material  ordered  are 
estimated  and  entered  in  the  other  copy,  which  is  retained  at  head- 
quarters for  future  reference. 

Each  mill  inspector  first  carefully  compares  his  copy  of  form 
C  with  the  mill  order  book,  to  see  that  no  changes  or  mistakes  have 
lieen  made  in  ordering.  As  fast  as  the  steel  is  manufactured  test 
specimens  are  taken  by  the  mill  inspectors  and  the  necessary  tests 
are  made,  the  report  of  tests  on  each  separate  blow  or  melt  of  steel 
1)eing  sent  to  headquarters,  together  with  data  from  the  mill 
chemist's  certified  report  of  chemical  analysis  on  the  inspector's 
test  slip  D.  Drillings  are  also  taken,  when  re(|uired  or  deemed 
advisable,  from  the  test  pieces  and  sent  to  headquarters,  where 
check  analyses  are  made  in  order  to  test  the  accuracv  of  the  mill 
chemist.  The  test  slips  D  are  collected  at  the  general  office  and 
copied  on  the  test  report  blanks  E,  which,  after  press-copying,  are 
sent  to   the   engineer  or  architect.     While   the   material   is   being 
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rolled  into  the  shapes  onlcred  llic  inspector  is  eunstaiitlv  on  liaiul. 
and  from  tinie  to  time  he  calipers  and  measures  the  jjieces  to  see 
that  they  are  of  the  re(|uisite  size  and  thickness.  He  sees  that  the 
bars  are  properly  straif:j;htened  ami  cared  for  while  coolinj^,  and 
that  they  show  no  Haws  or  ragged  edges.  .As  fast  as  each  l)ar  is 
inspected  and  fomid  satisfactory  he  strikes  into  it  a  distinguishing 
mark  of  the  inspecting  bureau  furnished  him  from  the  general 
office,  which  signifies  that  the  piece  has  satisfactorily  passed  his 
examination  and  is  composed  of  material  the  tests  of  which  have 
been  satisfactory.  The  stamp  he  uses,  besides  the  distinguishing 
mark  of  the  inspecting  compan\-.  bears  a  numl)er,  and  this  number 
is  recorded  in  the  general  office  against  his  name.  lie  keeps  this 
stamp  closely  by  him  at  all  times,  so  that  there  can  never  be  any 
question  as  to  who  performed  the  inspection  on  any  piece  (jf  mate- 
rial. He  keeps  his  general  office  informed  regarding  the  pieces  he 
l-as  insi)ected  from  day  to  day  on  any  one  piece  of  work  by  means 
ot  ihe  report  F.  As  fast  as  the  material  is  shipped  from  the  mill 
he  forwards  to  the  g-eneral  office,  after  lie  has  checked  them,  the 
tissue  copies  of  invoices  furnished  him  l\v  the  mill.  There  the 
items  and  weights  are  checked  against  those  on  his  report  F  and 
against  the  copy  of  form  C  retained  at  headquarters.  The  invoices 
are  then  copied  on  the  blank  G.  which  is  sent  to  the  engineer  or 
architect  after  press-copying. 

'iduis  the  engineer  or  architect  in  charge  of  the  work  is  kept 
reliably  informed  just  what  material  has  been  rolled  ami  shipped, 
and  he  knows  exactly  what  the  results  of  all  the  tests  performed  on 
the  material  have  been  and  what  powers  of  resistance  it  can  be 
Lxpected  to  develop.  He  is  jirotected  from  any  fictitious  claims  of 
a  delinquent  bridge  company  of  delay  at  the  mills.  The  inspecting 
bureau  has  detailed  records  of  the  dates  on  which  inspection  was 
performed  on  any  lot  of  material,  and  is  protected  against  fictitious 
claims  ot  delay  in  the  inspection  of  material  at  the  mill. 

As  soon  as  the  material  begins  to  arrive  at  the  contractors 
shop  the  shop  inspector  located  there  begins  making  regular  weekly 
reports  on  the  work  in  hand  to  his  general  office.  He  has.  in  the 
meantime,  received  from  the  bridge  company  a  full  set  of  the  work- 
ing drawings  of  the  structure.  He  has  carefully  checked  them 
against  the  general  plans  received  at  the  outset,  and  has  called  atten- 
tion to  and  had  corrected  any  errors  in  them  or  differences  between 
them  and  the  general  plans  furnished  him  as  his  guide.  He  has 
also  made  a  careful  estimate  of  the  weights  of  the  various  finished 
parts,  and  a  list  of  all  the  parts  that  will  be  required  according  to 
the  contract. 
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It  is  his  duty  to  be  constantly  on  hand  about  the  shop  during 
the  progress  of  the  work,  watching  the  various  processes  and  see- 
ing that  everything  is  done  according  to  the  specifications  that  have 
been  furnished  him.  He  sees  that  only  material  bearing  the  mill 
inspector's  stamp  is  used,  and  that  it  has  arrived  from  the  mills  in 
good  condition.  By  watching  the  processes  thus  closely  he  is  not 
only  able  to  detect  faulty  work  which  would  be  covered  up  when 
the  piece  is  finished,  but  he  can  often  save  both  the  bridge  com- 
pany and  his  employers  considerable  time  and  expense  by  noting 
mistakes  early,  while  they  may  still  be  corrected  readily  and  at 
little  cost.  When  a  piece  is  finished  he  makes  careful  final  exami- 
nation of  it,  comparing  all  dimensions  with  the  plans,  testing  the 
riveting,  etc.  It  is  then  painted  under  his  superintendence,  and  he 
stamps  in  the  piece,  in  a  conspicuous  position,  a  similar  distinguish- 
ing mark  to  that  used  by  the  mill  inspector  to  indicate  that  the  shop 
work  has  all  been  properly  done  and  that  the  piece  is  as  it  should 
be  in  every  respect. 

The  shop  inspector's  weekly  reports  come  to  the  general  office 
in  three  forms,  H,  I,  and  J  being  respectively  his  report  of  material 
received  from  the  various  mills,  of  the  work  performed  on  the 
structure  in  the  shop  and  of  finished  pieces  shipped  from  the  shop 
to  their  destination  during  the  week.  Form  H  is  first  checked 
against  form  G,  and  then  the  three  forms  are  press-copied  and 
sent  to  the  engineer  or  architect.  The  method  of  reporting  the 
condition  of  the  various  members  of  a  structure  from  week  to  week 
on  form  I  may  require  more  detailed  explanation.  The  first 
column,  headed  "required,"  shows  the  number  of  pieces  of  a  par- 
ticular mark  required.  The  number  in  this  column  remains  con- 
stant from  beginning  to  end.  The  other  columns  show  what  stp-'.^ 
in  the  process  of  manufacture  each  piece  has  reached  each  wci  k. 
Thus  in  a  bridge  there  may  be  four  end  posts  required  marked  :T). 
The  figure  4  would  then  appear  in  each  report  in  the  first  column. 
One  week  there  might  be  a  4  in  the  third  column,  a  4  m  ilie  fifth 
and  a  2  in  the  next  to  last,  showing  that  all  were  assembled,  all 
riveted  and  two  finished  awaiting  shipment.  When  the  same 
figure  appears  in  the  last  column  as  in  the  first  all  the  pieces  of  that 
kind  have  been  shipped,  and  when  all  the  pieces  required  for  the 
work  arc  shown  in  the  last  column  the  material  has  all  been  finished 
and  is  on  its  way  to  its  destination. 

For  every  shipment  of  material  copies  of  the  shipping  bills, 
giving  the  itemized  scale  weights  of  the  material  on  each  car,  are 
furnished  the  inspector  by  the  bridge  company.  He  first  makjs  a 
note  of  these  items  and  weights,  checking  them  against  his  list  of 


SHOP  AXl)  MIIJ.  INSPKCTORS  AND  TIIKIR  WORK.         m. 

parts  required  to  complete  tlic  work  aiul  the  estimated  weij^lits  lie 
has.  He  then  sctuls  the  bills  to  the  ijeiieral  office,  where  they  are 
copied  on  form  K.  which,  after  press-copying,  is  sent  to  the  engi- 
neer or  architect.  Reports  of  tests  of  full  si.  eil  eye-bars  for  bridges 
are  made  out  on  the  blank  L,  press-copied  and  sent  to  the  engi- 
neer. Form  M  is  similarly  used  for  reporting  results  of  tests  of 
cast  iron. 

When  a  job  is  linishcd  a  Inial  report  is  sent  to  the  engineer  or 
architect,  stating  brielly  the  work  that  has  l)een  done  and  noting 
any  unusual  features  that  have  developed  during  the  inspection  of 
the  material  or  cases  where  material  was  rejected.  This  report 
usually  includes  a  summarized  statement  of  the  weights  of  the 
tinished  parts,  comparing  the  estimated  with  the  actual  scale 
weights  to  show  whether  the  various  parts  have  been  accurately 
proportioned  in  accordance  with  the  drawings,  and  also  a  state- 
ment of  the  shipments  made,  giving  dates  of  shipment,  car  num- 
bers and  initials  and  weights. 

The  engineer  or  architect  then  has  a  complete  record  of  the 
material  used  on  his  work,  the  dates  on  which  the  shipments  were 
made  from  mills  to  shop  and  complete  records  of  its  progress 
through  the  shop  and  of  the  shipments  from  the  shop  to  the  building 
site.  With  the  exception  of  the  slips  and  form  D,  all  the  reports 
and  blanks  used  are  uniformly  of  letter  size  and  printed  on  thin 
paper.  They  are  thus  in  the  best  possible  shape  for  filing,  and  do 
not  make  an  unnecessarily  bulky  package.  The  final  report  em- 
bodies all  the  points  necessary  for  ordinary  cases  of  future  refer- 
ence. The  inspecting  company  has  not  only  duplicates  of  all  these 
documents  carefully  preserved,  but  all  the  detailed  information  of 
all  kinds  relating  to  the  work  are  carefully  filed  with  the  copies  of 
reports,  correspondence,  etc..  and  stored  safely  away,  thus  form- 
ing an  additional  safeguard  against  loss  of  records.  If  at  any  time 
in  the  future  information  should  be  wanted  concerning  the  woj-k. 
if  repairs  are  to  be  made,  or  if  any  question  arises  as  to  the  strength 
of  the  structure,  the  inspecting  bureau  can  furnish  the  information 

if  necessarv. 

One  other  of  this  company's  many  forms  may  be  interesting. 
Form  N  is  a  blank  form  of  diary  furnished  to  all  its  employes, 
wherever  located.  The  employes  are  required  to  keep  thereon  a 
concise  diarv  of  their  doings  and  movements,  and  note  the  time 
spent  and  expenses  chargeable  on  each  piece  of  work.  At  the  end 
of  each  period  these  are  sent  to  the  general  office,  where  they  are 
checked  over  and  the  time  and  expenses  of  each  man  entered 
a°-ainst  each  job.     The  company  thus  has  a  pretty  good  check  on 
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each  man  as  to  Avhethcr  or  not  he  is  attending-  to  his  duty  and 
spending  proper  time  on  each  piece  of  work  allotted  to  him. 

The  employment  of  competent  inspecting  bureaus  becomes  more 
and  more  general  as  the  iron  and  steel  industry  increases  in  volume 
and  competition  between  the  manufacturers  grows  keener.  Men 
are  realizing  more  and  more  forcibly  the  necessity  for  such  services 
in  order  to  insure  good  results.  The  day  when  people  thought  that 
because  a  bridge  was  built  of  iron  it  would  stand  indefinitely  and 
support  any  loads  that  might  be  imposed  is  past  and  gone.  Men 
are  finding  that  there  are  good  and  bad  iron  and  steel,  and  that 
there  is  so  great  a  difiference  between  them — often  the  difference 
between  success  and  failure,  between  a  strong,  stifit  and  durable 
structure  and  an  accident  costing  himian  life — that  it  pays  to 
spend  the  small  added  cost  to  insure  the  use  of  the  good  material 
and  to  detect  and  exclude  the  bad.  Nearly  all  the  best  structures 
built  to-day  are  manufactured  under  the  watchful  eyes  of  inspec- 
tors employed  to  see  that  the  provisions  of  the  specifications  are 
strictly  followed. 

But,  unfortunately,  this  class  comprises  by  no  means  all  the 
structures  built.  There  are  great  quantities  of  iron  and  steel 
structural  material  produced  and  made  into  bridges,  buildings  and 
other  structures  on  which  himian  life  depends  that  are  not  so  in- 
spected, and  concerning  wliich  the  purchasers  have  no  assurance 
as  to  their  strength  or  durability  because  they  have  no  knowledge 
of  the  quality  of  the  material  or  of  the  treatment  it  has  received 
during  its  manufacture.  Thousands  of  tons  of  steel  are  annually 
manufactured  and  sold  to  people  who  have  no  way  of  knowing 
anything  about  its  quality.  Hundreds  of  bridges  and  buildings  are 
built  every  year  out  of  such  material,  and  no  one  can  tell  whether 
or  not  they  will  actually  stand  the  strains  they  are  intended  to  stand. 
Is  the  general  public  to  blame  when  it  assumes  that  such  a  struc- 
ture is  capable  of  successfully  withstanding  the  loads  and  shocks 
it  is  called  on  to  resist?  Can  a  man  do  otherwise  when  he  enters  a 
building  or  crosses  a  bridge  than  place  confidence  in  the  care  and 
thoroughness  with  which  its  architect  or  engineer  has  attended  to 
all  the  details  of  its  construction?  Accidents  happen,  nuich  more 
frequently  than  they  should,  that  are  traceable  to  bad  material  or 
workmanship;  generally  both.  If  the  structure  that  collapsed  had 
been  inspected  by  competent  men  such  accidents  would  not  have 
occurred.  There  is  yet  to  be  recorded  a  single  case  where  a  struc- 
ture properly  inspected  by  inspectors  who  know  their  business  and 
do  it  honestly  has  failed  under  the  loads  it  was  designed  to  carry, 
while,  on  the  other  hand,  there  are  many  engineers  and  architects 
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who  can  testify  io  impttrtant  savinj;-  of  tiinc  and  nioiu-v  tlin.uj^h 
the  emplovniont  of  coniiK'tcnt  inspectors. 

It  is  rcniarkal)lc  that  so  many  fail  to  sec  that  specification  aii<i 
inspection  must  always  qo  hand  in  hand;  that  neither  can  confer 
the  benefits  it  should  without  the  other.  .Most  petii)Ie  realize  that 
if  no  specifications  are  stated  to  indicate  the  nature  and  <|uality  of 
the  structure  desired  the  manufacturer  cannot  he  hlanu-d  if  the 
structure  does  not  meet  the  expectations  of  the  purchaser.  Hut 
often  little  thought  is  g^iven  to  the  second  ])art  oi  the  purchaser's 
duty,  that  of  inspection.  It  is  not  recognized  as  a  duty  owed  by 
every  purchaser  for  his  own  protection  and  safety,  and  to  secure 
benefits  from  a  carefully  compiled  specification.  When  the  millen- 
nium is  reached,  when  it  may  be  rea.sonal)ly  expected  that  every 
man's  work  will  be  perfect  and  each  one's  labor  as  valuable  as  that 
of  his  fellows,  then  there  will  be  no  difference  between  good  and 
l)ad.  no  possibility  of  errors  or  mistakes  or  dishonesty.  When  that 
time  arrives  there  will  be  no  further  use  for  either  specifications  or 
inspection,  and  many  a  busy  man  will  lose  his  job.  But  until  that 
time  there  will  be  varying  grades  in  the  quality  of  materials  and 
workmanship,  and  the  necessity  for  specifying  the  grade  desired 
on  any  piece  of  work  will  remain.  And  just  so  long  as  there  is  any 
cause  or  reason  for  specifications,  just  so  long  will  the  inspector  be 
needed  to  see  that  the  specifications  are  carried  out. 

There  arc  various  reasons  advanced  why  such  inspection  service 
is  not  emploved.  Most  of  them  may  be  classified  under  the  fmir 
classes  discussed  below. 

First.  Some  believe  that  by  placing  their  work  with  the  best- 
known  bridge  companies  they  are  .so  sure  of  satisfactory  results 
that  no  check  on  the  quality  of  the  work  turned  out  is  necessarv. 
and  that  by  availing  themselves  of  such  a  check  they  are  casting 
unpleasant'reflections  on  the  honesty  of  the  bridge  company.  This 
is  far  from  a  correct  view  of  the  ca.se.  It  is  not  a  question  of  the 
integritv  of  the  bridge  company  or  of  its  management;  tliey  may 
have  the  best  of  intentions.  lUit  what  of  the  many  men  through 
whose  hands  or  under  whose  eyes  the  tons  of  material  must  pass  m 
its  progress  from  the  ore  to  the  finishe.l  structure,  each  one  of  whom 
leaves  upon  it,  for  better  or  worse,  the  results  of  his  work,  hach 
man  will  look  to  his  own  pers.^nal  interests  first.  It  matters  not 
to  him  if  the  material  suffers,  so  long  as  he  can  save  lumself  from 
the  consequences  of  the  discovery  of  his  bad  work.  I'.esides.  it  is 
human  nature  for  a  man  to  un.lerrate  an  error  made  by  himself. 
His  jud-ment  is  warped  bv  his  financial  interest,  and  he  is  apt  to 
think  -it  is  good  enough."     Thus  when  a  man  makes  a  mistake  or 
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botches  a  piece  of  work  he  is  tempted  to  hide  his  error  in  order  that 
his  reputation  with  his  foreman  may  not  suffer.  He  knows  that 
each  error  made  and  discovered  lowers  his  value  in  his  employer's 
estimation.  Frequently  employes  are  paid  by  the  piece  or  ton, 
the  workman  then  becoming  practically  a  sub-contractor  with  no 
interest  in  the  work  beyond  doing  it  well  enough  to  get  his  pay  for 
it.  His  interest  lies  in  doing  a  large  amount  of  work;  in  the  pro- 
duction of  quantity  even  at  the  expense  of  quality. 

Foremen,  and  even  superintendents,  will  frequently  pass  flaws 
and  errors  that  their  reputation  for  executive  ability  may  be  main- 
tained. A  manufacturing  firm  looks  to  its  superintendent  for 
results.  Time  taken  to  correct  mistakes  or  replace  faulty  material 
means  decrease  of  output,  and  if  the  output  decreases  cost  increases 
and  the  superintendent  must  explain.  So  the  work  is  hurried 
through  the  shop  with  speed  of  completion  the  principal  end  in 
view,  and  if  the  foreman  or  his  superintendent  notices  a  defect  he 
is  tempted  to  let  it  pass  for  the  sake  of  keeping  up  the  rate  of  out- 
put and  saving  the  expense  and  time  of  correcting  it. 

It  is  often  easy  in  walking  through  a  bridge  shop  to  tell  at  a 
glance  which  of  the  various  pieces  of  work  in  progress  are  in  an 
inspector's  caje  and  which  are  not.  The  difference  is  often  ap- 
parent to  a  casual  observer.  Some  bridge  companies  make  it  a 
rule  to  mark  plainly  on  all  their  working  drawings  whether  the 
work  is  to  be  inspected  or  not,  and  by  whom.  In  this  way  the 
workmen  have  the  best  of  means  of  estimating  the  chances  of  bad 
work  passing  unnoticed.  The  excuse  is  sometimes  made  by  a  shop 
foreman  when  a  blunder  or  careless  workmanship  is  brought  to 
his  attention  by  an  inspector,  "I  was  not  told  that  this  piece  of 
work  was  to  pass  inspection." 

Some  shops  maintain  on  their  pay  rolls  an  inspector  whose  duty 
it  is  to  examine  the  work  as  it  comes  from  the  shop  and  report 
errors.  His  duty  is  performed  when  the  work  is  finished ;  he  has 
no  jurisdiction  in  the  shop  while  it  is  going  on.  Errors  committed 
and  covered  up  are  beyond  his  detection,  and  he  assumes  that  they 
do  not  exist.  But  even  as  regards  the  errors  that  may  be  dis- 
covered after  a  piece  is  finished,  it  is  human  nature  for  such  a  man 
to  consult  his  own  interests  first  and  to  perform  his  work  in  such  a 
manner  as  best  to  serve  the  interests  of  the  people  to  whom  he  looks 
for  his  pay.  When  he  discovers  a  mistake  in  the  fitting  together  of 
pieces,  rivet  holes  left  out  of  joints,  or  such  like  errors,  he  will 
report  them,  because  he  knows  it  will  cost  his  employers  much  more 
to  correct  them  in  the  field  when  they  erect  the  structure  than  at 
the  shop  before  the  material  is  shipped  to  its  destination.     But  he 
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will  bo  indulgent  in  such  nialtors  as  loose  rivets,  buckled  web 
plates,  unannealed  forged  members,  careless  painting  and  the 
details  of  construction  that  may  be  either  good  or  bad  without  of 
a  certainty  causing  his  employers  trouble  later.  lie  casts  his  lot 
in  with  the  rest  and  risks  the  results,  and  that  such  risk<  "-.•  r-  .. 
let  accidents  on  record  bear  testimony. 

Such  an  inspector  is  generally  s<jnie  man  taken  from  the  ?h.»p; 
some  good  mechanic  who  can  read  a  drawinj.,  and  make  an  accurate 
measurement.  He  is  paid  little  if  any  more  than  the  men  who  are 
doing  the  work  he  is  called  upon  to  examine,  and  he  draws  his  pay 
from  the  same  window  and  stamling  in  the  same  line  with  his 
fellows.  He  probably  belongs  to  the  same  labor  union,  and  is 
closely  associated  at  all  times  with  the  very  men  who  are  laying 
out  the  work,  punching  the  holes  and  driving  the  rivets.  It  would 
not  be  good  policy  for  him  to  be  the  cause  of  too  frequent  scoring 
of  such  men.  It  might  be  dangerous  for  him  lo  be  the  cause  of 
their  discharge. 

As  to  reflections  on  the  honesty  of  a  bridge  company  cast  by 
the  employment  of  expert  inspectors  by  the  architect  or  engineer. 
no  company  honestly  trying  to  do  good  work  has  such  a  feeling. 
If  the  inspector  knows  his  business  he  will  not  interfere  with  the 
men  at  their  work,  nor  will  he  cause  the  cotupany  unnecessary 
trouble  in  any  way.  He  will  be  quick  to  detect  errors  and  see  to 
their  correction  ;  often  his  experience  will  be  of  material  benefit 
to  the  foreman  in  suggesting  the  best  method  of  making  the  cor- 
rection. The  inspector  relieves  the  men  from  many  cares  in  the 
performance  of  their  duties,  and  the  britlge  company  that  has 
nothing  to  fear  from  the  inspector  will  welcome  him  to  the  shop 
because  he  helps  them  to  see  that  their  work  is  done  in  the  best 
possible  manner  and  to  keep  up  their  standard  of  perfection  in  the 
structures  thev  manufacture. 

A  few  years  ago  a  bridge  was  built,  shipped  to  its  destination 
b\-  the  bridge  companv  and  nearly  erected  before  it  was  discovered 
that  certain  important  parts  necessary  t..  complete  it  had  Ik-cu  over- 
looked ;  had  never  been  made  in  fact.  It  was  during  the  treshet 
season,  and  to  save  the  bridge  from  being  washed  away  tem|Kirary 
members  were  devised  on  the  ground  and  the  span  fortunately 
swung  before  the  falsework  went  out.  Whe.i  the  missmg  parts 
arrived  new  falsework  had  to  be  built,  the  span  jacked  up  and  dis- 
connected and  the  new  members  inserted.  Such  blunders  as  this 
cost  monev.  An  inspector  who  knows  his  busmess  and  dd.genUy 
attends  to' it  can  be  the  means  of  avoiding  such  blunders,  and  not 
onlv  of  saving  his  employers  time  and  trouble,  but  of  sav.ng  the 
hrido-e  comnanv  from  the  expensive  results  ot  errors. 
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Sec(_>nd.  Some  think  that  the  extra  cost  of  inspection  adds  too 
much  to  the  cost  of  tlie  work.  They  prefer  to  pay  the  bridge  com- 
pany its  price  and  run  the  risk  of  getting  a  poor  job  in  return, 
rather  than  pay  a  slight  excess  to  an  inspecting  firm  and  have  as- 
surance that  they  are  getting  good  work.  They  wilHngly  pay  a 
Hberal  ])remium  in  the  stock  market  for  bonds  of  good  repute, 
rather  than  buy  others  for  less  money.  And  yet  is  it  not  cheaper 
to  pay  $102  for  an  article  known  to  be  worth  $100  than  to  pay  $100 
for  an  article  that  may  not  l)e  worth  $75  ?  The  cost  of  inspection, 
by  competent  experts  who  make  it  their  duty  to  watch  every  detail 
of  the  manufacture  and  check  all  the  plans  to  see  that  everything 
has  been  done  as  the  architect  or  engineer  intended  it  should  be 
done,  should  not  exceed  2  per  cent,  of  the  total  cost  of  the  steel 
work.  Is  such  a  percentage  a  high  rate  of  premium  to  pay  for 
the  sake  of  security? 

Not  only  is  good  inspection  worth  what  it  costs  to  the  owner 
of  a  structure  on  account  of  the  security  he  is  warranted  in  feeling 
as  to  its  efficiency,  but  it  is  a  duty  owed  by  every  corporation  own- 
ing structures  on  Avhich  human  life  depends  to  take  every  possible 
precaution  to  secure  the  safety  of  such  structures.  It  is  a  good 
thing  for  a  railroad  manager  to  have  inspectors'  reports  on  file  con- 
cerning his  bridges.  In  case  of  accident  to  any  bridge,  and  the 
often  resulting  damage  suits,  one  of  the  first  questions  asked  will 
be,  "Did  you  have  your  work  inspected,  and  by  whom  was  the 
inspection  performed?"  Several  recent  suits  resulting  from  acci- 
dents to  bridges  and  buildings  have  developed  the  fact  that  .o 
competent  inspecting  bin^eau  had  been  employed  -.Ijring  the  con- 
struction, and  the  testimony  has  in  every  case  reflected  very  un- 
pleasantly on  the  carelessness  or  gross  neglect  of  the  engineer  or 
architect. 

Xot  long  ago,  in  the  construction  of  a  railroad,  a  bridge  was 
required  across  a  certain  stream.  The  railroad  company  had  faith 
in  the  bridge  company  to  whom  the  work  was  let,  i.ud  saved  the 
extra  cost  of  inspection.  That  bridge  collapsed  within  three 
months  after  its  completion.  Subsequent  examination  showed  that 
not  only  was  the  work  built  at  the  very  lowest  limit  of  saf(^ty  as 
regards  design,  but  the  material  was  dangerously  higii  in  phos- 
phorus. Careless  shop  w^ork  was  admitted,  resulting  in  the  punch- 
ing of  clover-leaf  rivet  holes ;  and,  to  crown  all,  a  mistake  in  mark- 
ing the  pieces  had  resulted  in  the  interchange  of  members,  a  light 
one  being  placed  where  the  strain  sheet  called  for  a  much  heavier 
one  and  vice  versa.  That  accident  cost  the  lives  of  three  men.  to 
say  nothing  of  delays  and  expense  in  replacing  the  structure.     \  et 
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tlio  railroad  ctmipany  justly  tVlt  itself  lucky,  fur  an  excursion  train 
lu'nl  passed  over  (he  bridge  hut  a  short  time  before.  It  is  remark- 
ahle.  hut  not  at  all  surprising  when  the  truth  is  known,  what  a  large 
proportion  of  the  accidents  occur  to  new  structures. 

Third.  A  common  claim  by  the  bridge  company  to  the  archi- 
tect or  engineer,  to  influence  him  against  the  employment  of  an 
mspector.  is  that  there  will  result  serious  delay  in  the  completion 
of  the  work,  owing  to  the  time  required  for  the  "perfunctorv" 
duties  of  the  inspector.  Extraordinary  claims  along  this  line  are 
sometimes  made  on  the  part  of  a  bridge  company  after  work  is 
completed,  and  the  inspector  is  called  upon  to  explain  why  the 
delay  was  caused.  Such  explanation  is  seldom  necessary  from  a 
competent  bureau,  because,  in  the  first  place,  the  regular  reports  of 
the  bureau  wall  show  the  rate  of  progress  of  each  piece  through  the 
shops  and  just  where  and  when  and  how^  any  delay  was  caused  Ijy 
any  one  or  by  any  cause.  In  general,  however,  the  claim  on  the 
part  of  the  bridge  company  is  pertinent,  for  the  bridge  company 
making  such  claim  generally  has  reasons  of  its  own  for  making 
such  statements,  and  it  will  generally  be  found  that  at  such  shops 
delays  are  actually  caused  by  the  inspector  on  account  of  the  time 
required  to  replace  faulty  material  or  workmanship  which  he 
rejects,  and  which  but  for  his  offices  would  be  incorporated  into  the 
work  to  its  great  detriment. 

Such  delays  are  aggravating  no  doubt,  especially  when  it  is  im- 
portant that  the  work  be  finished  in  the  shortest  possible  time. 
But  it  is  obviously  unjust  to  blame  the  delays  to  the  inspector. 
Th<'  delay  may  mean  considerable  loss  to  the  purchaser,  but  he  can 
far  better  afiford  such  loss  than  risk  the  consequences  of  faulty 
material  or  workmanship.  And  in  any  case  where  time  is  of  great 
iriportance  and  a  limit  of  time  is  agreed  to  by  the  bridge  company 
for  the  completion  of  the  work,  any  delay  of  this  kind  is  directly 
chargeable  to  the  company  that  undertook  to  furnish  the  materials 
anrl  perform  the  work  according  to  the  prescribed  standard  within 
the  prescribed  time.  It  is  certainly  not  to  the  insi)ector's  interest 
to  delay  the  completion  of  the  work.  He  is  paid  for  his  services 
by  the  ton.  and  the  sooner  the  work  is  finished  the  greater  will  be 
his  profit. 

Fourth.  It  is  claimed  by  many  that  inspection  as  it  is  gener- 
ally conducted  is  not  effective:  that  the  work  is  performed  in  so 
careless  and  slipshod  a  manner  as  to  be  void  of  the  benefits  it  is 
intended  to  confer,  and  that  money  spent  for  inspection  is  practi- 
callv  thrown  awav. 
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Unfortunately,  this  has  been  but  too  true  in  the  past.  Inspec- 
tors worked  carelessly  and  without  system.  Points  which  should 
have  been  detected  were  overlooked,  and  much  of  the  work  they 
were  supposed  to  do  was  not  done  at  all,  or  was  so  poorly  done  as 
to  afford  but  little  protection  to  the  engineer  or  architect.  Even 
now  there  are  many  who  are  performing  their  work  in  this  careless 
way ;  undertaking  to  inspect  a  piece  of  work  for  about  half  what 
good  inspection  costs,  and  then  giving  the  work  what  attention 
they  can  afford  for  the  price  and  no  more. 

Mr.  J.  A.  L.  Waddell,  one  of  the  foremost  bridge  and  struc- 
tural engineers  of  this  country,  has  had  his  own  troubles  with 
inspectors,  as  may  be  seen  from  the  following  extracts  from  Chap- 
ter XXI  of  his  excellent  little  book,  "De  Pontibus."  That  whole 
chapter  is  full  of  interest  in  this  connection,  and  will  well  repay 
careful  reading.  Mr.  Waddell  says,  "For  many  years  most  of  the 
inspection  of  structural  metal  work  was  a  sad  farce,  and  in  conse- 
quence the  general  public  placed  but  little  confidence  in  inspection, 
with  the  result  that  a  large  portion  of  the  bridge  work  of  the 
country  was  left  entirely  to  the  tender  mercies  of  the  manufac- 
turers. Latterly,  however,  owing  to  the  efforts  of  a  few  first-class 
inspecting  bureaus,  the  status  of  inspection  has  been  somewhat 
improved,  although  it  is  far  from  being  to-day  what  it  ought  to  be. 

"The  inspection  business  has  been  utterly  demoralized  in  times 
past,  for  it  was  the  general  custom,  and  is  yet  to  a  certain  extent 
wath  some  inspectors,  to  take  contracts  for  inspection  at  whatever 
figures  the  purchasers  are  willing  to  pay,  then  handle  the  work  so 
as  not  to  lose  money  on  the  contract,  regardless,  of  course,  of  the 
interests  of  their  employers. 

"Strange  tales  concerning  inspection  come  to  the  ears  of  engi- 
neers, such,  for  instance,  as  passing  carload  after  carload  of  metal 
work  that  was  not  seen  by  the  inspector  until  after  loading  for 
shipment;  but  such  tales  need  verification,  which  of  course  it  is 
nobody's  business  to  give  them.  In  one  case  in  the  author's  experi- 
ence the  inspector  left  his  work  for  ten  days  in  charge  of  one  of 
the  bridge  company's  shipping  clerks,  without  notifying  either  the 
author  or  his  direct  employers,  the  inspection  bureau,  of  his  con- 
templated absence.  Such  actions  as  this  make  one  entertain  doubts 
sometimes  as  to  whether  inspection  really  pays." 

Air.  Waddell  evidently  believes  that  inspection  by  competent 
bureaus  does  pay  after  all,  since  he  is  one  of  the  most  careful  engi- 
neers to  see  that  all  his  work  is  inspected  and  that  the  rigid  require- 
ments of  his  specifications  are  strictly  followed.  But  he  is  just  as 
careful  in  the  choice  of  his  inspectors. 
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There  are  a  fow  inspcctiiifj  bureaus  who  arc  striving  for  the 
improvement  of  inspection  services,  through  the  estalihshnient  of 
carefully  devised  systems  fo'  t'.io  thorough  handling  of  the  work 
and  the  employment  of  onl.  experienced  and  thoroughly  reliable 
men.  Such  companies  can  and  do  give  the  (piality  of  service  that 
makes  inspection  thoroughly  valuable.  Put  they  have  thus  far 
found  themselves  seriously  handicapped  by  the  many  irresponsible 
inspectors  who  undertake  work  at  ridiculously  low  prices  without 
any  idea  of  doing  it  as  it  should  be  done.  Engineers  and  archi- 
tects are  not  a  little  to  blame  for  this  state  of  things,  since  too  many 
of  them  fail  to  consider  the  inspection  service  as  one  having  degrees 
of  quality.  They  have  become  accustomed  to  consider  that  all  in- 
spection is  the  same,  and  to  require  that  each  inspector  who  makes 
application  for  their  work  shall  submit  his  prices  in  competition 
with  any  one  else  w^ho  may  be  an  applicant,  and  then  employ  the 
man  with  the  lowest  price  without  taking  the  trouble  to  properly 
investigate  the  comparative  facilities  or  reputations  of  the  appli- 
cants. 

It  cannot  be  expected  that  the  best  results  of  inspection  will  be 
gained  by  crowding  the  price  for  such  services  down  to  the  lowest 
possible  figure.  There  is  a  limit  below  which  good  inspection  can- 
not be  performed.  The  only  way  in  which  an  engineer  can  get  the 
full  benefit  that  inspection  can  confer  is  to  determine  at  the  outset 
to  pav  a  fair  price  for  that  service,  and  then,  before  appointing  an 
inspecting  firm,  to  look  carefully  into  the  reputations  of  the  dif- 
ferent inspecting  companies  available  by  references  to  other  engi- 
neers and  to  pieces  of  work  that  have  been  inspected  by  them. 

Thorough  and  complete  inspection  of  iron  and  steel  structural 
material  should  generally  be  worth  one  dollar  per  net  ton  of  shop 
shipping  weights.  At  times  and  under  especially  favorable  condi- 
tions as  regards  the  location  of  a  bureau's  employes,  it  can  be  done 
for  less.  On  some  small  jobs  it  may  be  more,  but  there  is  in 
general  a  chance  for  the  inspector  to  make  a  fair  living  at  that 
average  price.  Such  inspection  should  include  the  careful  com- 
parison and  checking  of  working  plans  and  complete  supervision 
and  tests  bv  thoroughly  experienced,  expert  and  reliable  men 
throughout  the  manufacture  of  the  material  fn^n  the  time  it  is  first 
produced  until  it  is  shipped  from  the  shop. 

The  most  experienced  engineers  and  architects  already  realize 
that  onlv  first-class  inspection  is  valuable.  These  are  taking  pains 
to  see  that  only  first-class  men  are  employed  by  them,  and  at  a  fair 
price.  Inspection  bureaus  who  enjoy  the  patronage  of  such  men 
are  doino-  all  their  work  the  best  they  know  how.  and  arc  fondly 
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hoping  for  the  dawn  of  the  day  when  the  general  ]nil)Hc  will  recog- 
nize the  value  of  the  efficient  service  so  rendered. 

Good  and  thorough  inspection  can  be  had,  but  not  at  the  low 
prices  at  which  so  many  seem  to  think  it  should  be  done.  If  com- 
plete inspection,  as  above  defined,  is  worth  one  dollar  per  ton,  it 
cannot  be  expected  that  the  man  who  refuses  to  pay  that  price  will 
get  such  inspection. 

Much  of  the  success  or  failiu'e  of  inspection  depends  on  the 
individual  ability  and  character  of  the  inspector.  Good  inspectors 
are  not  easy  to  find,  and  when  found  they  are  worth  more  than  the 
cheap  bureaus  can  afiford  to  pay  them.  A  successful  inspector  must 
have  a  rare  combination  of  good  qualities.  He  must  be  a  practical 
man,  with  long  training  in  mills  and  shops.  He  must  thoroughly 
understand  all  the  details  of  the  various  processes  employed,  and 
what  are  the  various  faults  that  are  liable  to  result  from  each 
process.  He  must  so  well  understand  these  faults  as  to  be  able  to 
detect  them  at  once,  and  he  must  be  so  well  informed  as  to  know- 
how  best  to  correct  them  in  the  most  practical  manner,  and  when 
correction  is  not  possible.  But  experience  in  mill  and  shop  practice 
alone  will  not  suffice.  He  must  also  understand  enough  of  struc- 
tural engineering  to  recognize  the  relative  advantages  of  different 
details  and  designs.  He  must  be  able  to  figure  out  the  strength  of 
the  various  connections  and  parts,  and  have  accurate  judgment  to 
determine  just  what  effect  a  loose  rivet  here  or  a  bad  fit  there  may 
have  in  the  resulting  structure.  He  must  be  quick  to  think  and 
act,  for  he  is  the  umpire  and  his  decisions  must  be  prompt  and  fair 
if  they  are  to  be  respected.  He  must,  withal,  be  a  good  deal  of  a 
diplomat.  The  inspector  who  cannot  deal  with  each  mill  and  shop 
foreman  in  the  way  to  best  command  his  respect  and  secure  his 
co-operation  will  never  make  a  success.  And,  above  all,  he  must 
be  a  man  of  sterling  character,  straightforward,  upright  and 
honest.  His  is  a  position  of  no  slight  trust,  and  he  must  prove 
himself  at  all  times  truly  worthy  of  that  trust. 

The  inspector's  life  is  not  all  sunsFiine.  He  has  many  a  dis- 
agreeable duty,  and  unless  he  has  the  necessary  judgment  and 
diplomacy  there  will  be  much  friction  between  him  and  the  men  in 
charge  of  the  mills  and  shops  where  his  work  is  located.  But  a 
good,  sensible  man,  with  the  qualities  of  a  good  inspector,  will  gain 
his  points  without  engendering  bad  feeling ;  wall  get  over  the  rough 
places  tactfully,  and  do  his  work  quietly  and  unostentatiously,  but 
effectively.  Some  day  the  public  will  appreciate  how  important  his 
work  is,  and  then  the  inspector  and  the  inspection  business  will 
receive  the  respect  they  deserve. 
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NOTES  ON   IMLi:-l)l{|\  IN<;. 


Bv  James  C.  Haigii.  AIkmukr  Louisiana  ICni^inukking  Society. 


[Read  before  the  Society,  July  9,  1900.*] 

The  most  satisfactor\-  and  reliable  pile-driving^  is  where  the 
piles  are  driven  a  sufficient  depth  through  a  material  readily  pene- 
trated hy  the  piles  and  overlying  rook  or  other  inipeiietrahle  material 
on  which  the  points  of  the  piles  would  rest.  The  sustaining  power 
of  the  piles  would  then  be  equal  to  strength  of  the  material  of  the 
piles. 

Piles  driven  as  in  Fig.  i  would,  according  to  formulas  in  com- 
mon use,  support  the  load  of  trains  and  locomotives.  The  penetra- 
tion of  these  piles,  driven  into  quicksand,  is  little  or  nothing  for  a 
number  of  blows  of  a  2200-pound  pile  hammer  tlropped  15  to  20 
feet,  yet  the  result,  after  trains  began  running  over  such  pile  bents, 
was  a  constant  settlement  of  the  piles,  doubtless  caused  by  the 
weight  of  trains  and  the  vibratory  motion  given  to  the  piles.  Had 
the  material  overlying  the  quicksand  been  of  greater  depth  and 
firmer,  the  vibratory  motion  might  not  have  been  communicated 
to  point  of  piles  and  settlement  would  not  have  occurred. 

Fig.  2  shows  the  conditions  for  pile-driving  in  a  "pile  trestle 
crossing"  of  Lake  Pontchartrain.  The  lengths  of  the  piles  varied, 
in  dififerent  portions  of  the  6-mile  trestle,  from  45  to  "jo  feet. 
Piles  showed  considerable  variation  in  the  material  in  which  the 
piles  were  driven.  The  shorter  lengths  were  driven  into  a  hard 
clay,  and  the  longer  lengths  through  material  as  shown  in  I'ig.  2. 
The  longer  lengths  gave  a  very  uniformly  soft  jienetration.  and 
for  a  number  of  blows  the  penetration  was  as  great  as  i  foot  for 
a  10  to  15-foot  drop  of  a  3000-pound  hammer  run  by  a  friction 
driver  and  hitting  short  blows  very  quickly. 

In  driving  these  piles  it  was  observed  that  if  the  pile  giving 
this  penetration  was  allowed  to  stand  for  a  few  hours,  owing  to 
breakdowns  or  otlier  causes,  it  required  several  blows  to  start  it, 
but  that  after  it  was  started  the  same  penetration  resulted  as  before 
the  stoppage. 

The  quick  blows  doubtless  caused  the  material  through  which 
piles  were  driven  to  be  displaced,  and  a  cessation  of  driving 
allowed  the  material  to  resume  its  normal  condition,  with  the  result- 
ing friction  around  the  piles. 

Although  the  trestle  has  been  in  use  f«)r  over  fifteen  years, 
none  of  the  piles  have  settled.  \  ery  similar  conditions  of  driving 
*Manuscript  received  August  2^.  i«900.— Secretary,  .A^s'n  of  Eng.  Socs. 


136 


ASSOCIATION  OF  ENGINEERING  SOCIETIES. 


were  met  with  on  the  15I  miles  of  marsh  trestle  work,  where  the 
length  of  the  piles  varied  from  25  to  50  feet.  The  penetration  of 
the  50-foot  piles  in  the  marsh  was  the  same  as  that  of  the  75-foot 
piles  across  the  lake.  The  marsh  being  about  2  feet  above  the  lake 
level  and  the  trestle  grade  being  3  feet  lower  across  the  marsh  than 
across  the  lake,  approximately  the  same  penetration  in  the  ground 
was  obtained.     No  settlement  occurred  across  the  marsh  trestle. 


Fig.   i.     Piles  Driven  in  Quicksai 


of   \\  Lake 


Pile  penetrated 
of  ita  own  weight 
Penetrated  with  weight 
of  hammer_ 


Short  blows  gave 
.penetration  of  2  feel  each 


Penetration  on  lagt 

10  or  15  feet  was  from 

0.6  to  1  foot  on  a  10 

feet  drop  of  a 

3000  lbs.  hammer 


Fig.  2.     Piles  in  Lake  Pontch.artrain. 


The  firmer  material,  where  short  piles  were  driven,  gave  a 
penetration  of  0.20  for  a  15  or  20-foot  drop  of  a  3000-pound 
hammer. 

Test  showed  that  pile  hammer  could  be  so  freely  dropped  as 
to  give  eight  or  nine-tenths  of  the  same  penetration  as  when  line 
was  cut  and  hammer  dropped  free  of  line  from  a  40-foot  height. 

Tests  showing  the  sustaining  power  of  piles  driven  in  different 
portions  of  the  city  between  the  river  and  the  lake  would  probably 
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show  that  shorter  k-njrths  of  piles  than  the  70  to  80-foot  leiij^ths 
now  being  chMven  to  siipp.trt  Iiuiltlings.  heavy  ni.'iiliin.i\  .t.-  w,  mid 
he  sut^cient. 

The  condition  uf  creosoted  long-lcafed  yellow  |»ine  i>ile»  and 
creosoted  sqnare  timber,  both  of  the  best  qnality  ami  close  grained, 
used  in  the  construction  of  trestle  in  the  lakes  and  coast  water  of 
Louisiana  and  .Mississippi,  shows  that  the  lasting  quality  of  the 
timber  is  very  greatly  increased  by  creosoting,  creosoted  piles  and 
c'mber  being  now  sound  after  eighteen  or  twenty  years'  service. 

The  piles  used  are  round  piles,  barked  and  i)ecled,  and  having 
from  i^  to  2^  inches  sap  w'^od  and  about  ij  incnes  heart  diameter 
at  large  end. 

The  square  timber  should  preferably  have  sap  angles  and 
surfaces,  for  larger  oil  absorption,  thus  more  effectually  protecting 
the  "heart  wood"  from  decay. 

The  piles  receive  a  seasoning  treatment  lasting  from  three  to 
six  hours,  according  to  size  of  timber  and  degree  of  seasoning 
before  treatment. 

The  timbers,  on  being  closed  in  treating  cylinders  6  feet 
diameter  and  100  feet  long,  were  saturated  for  an  hour  or  more 
with  steam  from  perforated  pipes  in  the  cylinders.  Then  the  tem- 
perature was  run  up  to  from  275°  to  290°  F..  and  the  vacuum  pump 
was  started,  when  a  vacuum  of  27  to  28  inches  was  had.  .Ml 
moisture  was  considered  as  removed,  and  timber  seasoned.  The 
creosote  oil  was  pumped  into  the  cylinders  and  kept  at  a  tempera- 
ture of  from  150°  to  170°  F.  until  a  pressure  on  oil  of  from  80  to 
100  pounds  showed  that  the  timber  was  not  absorbing  any  more 
oil.  The  time  was  about  from  four  hours  on  6  x  8-inch  x  9-foot 
timber  to  eight  hours  on  heavier  timl)ers. 

The  "creosote  oil"  used  is  the  best  dead  oil  of  cr»al  tar.  un- 
adulterated, and  having  a  specific  gravity  of  not  less  than  1.03  at 
60°  F.  The  oil  must  completely  liquefy  at  a  temperature  of  60'  F. 
and  boil  at  410°  F.  or  above.  The  oil  must  have  not  less  than  50 
per  cent,  of  naphthalene. 

DISCUSSION. 
J.  W.  H.\ZLEiiUR.>^r. — In  connection  with  the  interesting  dis- 
cussion of  this  subject  I  should  like  to  add  a  few  words  relating 
to  a  personal  experience  in  pile-driving  for  foundation  work  under 
local  and  normal  conditions,  and  where  the  bearing  value  of  the 
pile  must  be  determined  entirely  from  the  frictional  resistance  of 
the  soil  acting  upon  the  sides  of  the  pile.  Being  called  upon  to 
design  a  water  supply  plant  several  years  since  for  Algiers.  Fifth 
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District,  New  Orleans,  an  item  of  construction  was  the  foundation 
for  a  stand  pipe  13  x  100  feet,  whose  total  weight  and  stresses 
were  found  to  amount  to  600  tons.  In  order  to  increase  to  a  safe 
permissible  limit  the  bearing  value  of  the  soil  the  usual  method  of 
piling  and  grillage  was  resorted  to,  and  100  piles,  having  12-inch 
diameter  heads,  were  driven  to  a  depth  of  60  feet.  The  individual 
piles  of  this  cluster  were  spaced  2  feet  from  centers,  both  longitudi- 
nally and  laterally.  In  computing  the  theoretical  ultimate  liearing 
value  of  each  pile  the  frictional  resistance  was  assumed  at  one-half 
ton  per  linear  foot  of  timber,  reduced  l^y  a  factor  of  safety  of  5,  which 
gave  as  the  safe  theoretical  bearing  of  the  cluster  600  tons,  or  a 
resistance  equal  to  the  weight  applied.  So  far  as  has  been  observed, 
no  settlement  or  other  distortion  has  taken  place.  The  individual 
bearing  value,  6  tons,  assumed  for  each  of  these  piles  is  approxi- 
mately the  same  as  would,  have  been  obtained  from  the  Rankine 
formula,  where  the  safe  bearing  value  is  equal  to  the  area  of  the 
head  in  inches  multiplied  by  200.  Thus,  if  the  head  measured  12 
inches  in  diameter  the  area,  78  square  inches,  into  200  equals  7.8 
tons  as  the  safe  theoretical  bearing  for  piles  depending  entirely 
upon  frictional  resistance  for  support.  Some  years  since,  in  driv- 
ing piling  in  a  soft  sea  marsh,  and  where  the  character  of  the  bear- 
ing material  had  been  previously  determined  by  water  jet  borings 
or  soundings.  I  used  this  formula  in  determining  the  frictional 
resistance  of  three-pile  bent  work  in  a  temporary  railway  trestle, 
and  from  an  observation  of  the  loads  and  slight  subsequent  settle- 
ment I  am  of  the  opinion  that  this  formula,  when  used  under  like 
conditions,  very  nearly  represents  the  true  bearing  value  of  piling 
which  has  no  firm  underlying  stratum  upon  which  to  rest. 

W.  B.  Wright. — I  recall  the  case  of  a  temporary  railroad  pile 
trestle  one  mile  long  (later  filled  in)  across  a  piece  of  bottom  land. 
This  trestle  was  30  feet  high,  and  this  was  considered  by  some 
engineers  as  the  limit  desirable  for  such  structures ;  higher  trestles 
preferably  to  l)e  built  wdth  short  piling  and  superimposed  framed 
bents  of,  say,  20  to  25  feet  each  until  the  desired  height  is  reached. 
On  the  first  work,  of  which  I  had  charge,  was  built  such  a  trestle 
75  feet  high  and  1000  feet  long. 

Usually  at  a  bridge  site,  at  every  10  feet,  a  |-inch  sounding 
rod  was  sunk  into  the  ground  as  far  as  two  or  three  men  could 
force  it.  Then  piles  were  billed  to  extend  10  to  14  feet  deeper,  and 
2  feet  above  cut-off  was  allowed  for  brooming.  Piles  billed  in 
this  manner  rarely  went  below  the  calculated  depth,  and  usually 
gave  some  waste.  I  remember  well,  however,  one  bridge  site  where 
the  sounding  rod  discovered  5  feet  of  gravel  with  hard  bottom,  but 
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the  pile  driver  discovered  6  feet  of  gravel  with  a  soft  stratiuu  beli>\v. 
In  this  case  short  piles  lo  to  15  feet  long,  with  square  pcjints,  were 
driven  and  doweled,  and  the  regularly  billed  piles  were  driven  on 
top,  giving  invariably  good  results. 

The  sounding  rod  would  not  always  give  satisfaction.  Among 
other  deep  swamps.  I  remember  one  which  allowed  piles  to  go 
150  feet  without  reaching  bottom.  Such  swamps  will  not  bear  a 
high  embankment,  but  can  often  be  crossed  on  corduroy  composed 
of  trees  laid  with  tops  lapping  on  the  center  line,  on  which  a  light 
embankment  is  built.  This  structure  quakes  when  the  train  passes 
over,  but  gives  the  best  of  results  in  maintenance  of  way  and  ease 
on  trains. 

Sometimes  an  ordinary  bank  across  a  swamp  will  stand  a  long 
time  without  settling,  or  will  at  last  seem  to  stop  settling ;  but  I 
know  of  one  instance  where  a  6-foot  bank  that  had  stood  for 
thirty  years  suddenly  sank  out  of  sight  two  minutes  after  the  pas- 
sage of  a  passenger  train.  Piling  in  this  bank,  although  not  giving 
perfect  support,  would  probal)ly  have  prevented  this  accident. 

Piles  for  railroad  trestles  are  usually  driven  four  to  a  bent, 
with  spans  of  12  to  15  feet.  One  pile  is  driven  vertically  under 
each  rail,  and  the  others  on  the  outside,  often  with  a  batter  of  one 
or  more  inches  per  foot,  the  driver  being  tilted  for  this  purpose. 
Over  creeks  center  spans  of  as  nutch  as  24  feet,  with  heavy  stringers 
untrussed,  have  been  used  with  special  bents  of  six  or  eight  piles. 

At  a  division  yard  1  once  received  for  construction  purposes 
a  lot  of  cedar  piles,  some  of  which,  I  was  astounded  to  see.  were 
more  than  3  feet  in  diameter.  <  )n  making  inquiries  I  found  that 
the  inspector,  an  old  engineer,  had  been  told  by  the  lumbermen  that 
if  he  wanted  any  piles  he  would  have  to  take  all  timber  just  as  it 
was  cut.  whether  large  or  small.  Haste  being  imperative,  he  had 
acceptefl.  and  said  what  could  not  be  driven  would  have  to  be  used 
for  firewood. 

Piles  driven  in  frosty  ground,  where  frost  has  to  l)e  cut  out 
before  driving,  should  have  the  holes  made  of  sufficient  size  to 
give  some  latitude  for  straightening  up.  or  they  may  be  driven 
badly  and  be  hard  to  spring  into  place,  and  mav  throw  the  bridge 
out  of  line  in  the  spring  when  the  frost  goes  out  of  the  ground. 
(  )ne  must  be  careful  in  standing  near  piles  driven  in  frosty  weather. 
I  once  saw  a  splinter  6  feet  l<ing  split  off  by  the  blow  of  the  ham- 
mer just  graze  a  man's  back  and  bury  itself  in  the  frozen  ground, 
whence  it  could  not  lie  removed.  If  the  contractor  fails  to  properly 
spring  in  piles,  cap-drift  bolts  may  be  sawed  off  and  piles  properly 
resprung. 
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Some  engineers  carry  their  penchant  for  piles  so  far  as  to 
order  them  driven  in  all  cases.  In  some  instances  this  order  has 
been  so  strict  that,  especially  on  side-hill  work,  piles  have  been 
dug'  out.  A  foundation  on  mud  sills  would  seem  to  be  perfectlv 
allowable,  at  the  discretion  of  the  assistant.  I  have  seen  cases 
where  an  iron  shoe,  cast  with  a  wrought  iron  dowel,  enabled  piles 
to  be  driven  where  otherwise  penetration  was  impossible. 

Under  a  large  wharf  and  warehouse  at  a  seaport  town  many 
of  the  piles  were  weakened  by  teredo,  or  more  frequently  girdled 
by  a  small  insect  which  eats  into  the  pile,  diminishing  its  diameter 
T  inch  or  more  per  year,  until  between  tides  there  is  nothing  left. 
No  difficulty  was  experienced  in  driving  8o-foot  piles  outside  the 
warehouse,  but  inside,  in  order  not  to  remove  the  roof,  a  low  pile 
driver  was  used  and  20- foot  lengths  were  driven  down,  one  on  top 
of  another,  to  the  desired  depth  and  braced  to  the  sound  piles 
remaining.  With  proper  bracing  this  could  have  been  extended 
later  to  all  the  remaining  piles,  and  with  proper  connections  the 
last  20-foot  pieces  driven  could  have  been  taken  up  eventually  and 
replaced  by  new  ones  over  the  whole  area.  Of  course,  this  was  in  a 
harbor.  In  a  seaway  not  even  iron  screw  piles  are  always  alile  to 
stand  the  force  of  the  waves. 

There  are  many  ways  to  protect  piles  from  teredo  and  insects. 
At  Bay  St.  Louis  they  are  encircled  with  vitrified  pipe  filled  in  with 
sand  or  cement.  I  have  seen  piles  covered  with  tar  paper,  over 
which  thin  strips  of  redwood  were  nailed,  as  the  teredo  does  not 
readily  attack  this  wood.  Copper  sheets  are  sometimes  used,  but 
they  are  very  expensive.  Piles  with  bark  on  are  much  less  rapidly 
attacked  than  when  stripped  of  bark.  In  using  piles  with  bark 
on,  where  it  was  accidentally  knocked  off  in  places,  there  was 
applied  a  coating  of  tar  mixed  with  Paris  green.  I  have  but  little 
faith  in  the  effective  endurance  of  this  preparation. 

Piles  are  not  usually  driven  much  closer  together  than  3  feet 
centers,  for  when  they  are  driven  closer  it  is  not  probable  that  they 
will  sustain  much  more,  for  the  whole  inclosed  space  then  tends 
to  sink  as  a  solid  mass. 

On  the  drainage  work  here  in  New  Orleans  test  piles  were 
driven  over  the  whole  area  of  the  site  of  the  central  electric  power 
station,  as  also  at  the  sites  of  the  several  pumping  stations.  The 
results  were  exhibited  to  the  eye  in  the  form  of  curves  in  which 
the  abscissas  represent  the  penetration  of  the  point  of  the  pile 
below  the  surface  and  the  ordinates  the  number  of  blows  of  the 
hammer  required  to  cause  one  foot  of  penetration.  Test  borings 
were  also  made  at  each  site,  in  order  to  determine  the  nature  of 
the  material  in  which  the  piles  should  be  bedded. 
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I  have  prepared  a  dias^rain  sliowinj;-  a  single  curve  of  average 
results  at  each  of  the  (hffereut  sites.  I'urve  Xo.  i  represents  the 
results  at  the  central  station.  Here  the  ])iks  penetrated  35  feet 
under  the  static  weii^lit  <^\  the  hammer  alone.  A  satisfactory 
resistance  was  encountered  in  two  strata  of  sand  and  shells  at  a 
depth  of  65  to  70  feet  helow  the  surface,  as  shown,  and  piles  were 
l)illed  lon£j  enough  to  reach  the  second  stratum  should  the  first  be 
penetrated  too  easily.  Two  thousand  piles  were  driven,  beginning 
at  one  side,  and  the  driving  did  not  become  noticeably  harder  on 
account  of  the  number  of  piles  driven  as  the  work  proceeded,  but 
the  ground  heaved  up  considerably  and  necessitated  the  raising  of 
the  plane  of  cribbing.  It  is  sometimes  better  to  drive  from  the 
center  outward,  but  it  is  often  easier  and  more  economical  to  begin 
at  one  side.  The  ground  being  very  full  of  old  cypress  stumps, 
many  piles  drove  somewhat  out  of  line.  Cross-capping  below  or 
extra  capping  alongside  was  sometimes  resorted  to  in  such  cases. 
The  piles  in  the  stack  foundation  were  allowed  to  project  6  feet 
upward  into  the  masonry,  making  it  a  much  more  stable  structure 
than  if  set  immediately  on  grillage. 

At  station  Xo.  7  a  sand  stratum  was  met  at  to  feet  below  the 
surface,  giving  great  resistance.  The  first  test  j^ile  was  driven  for 
a  long  time,  but  failed  to  i)ierce  through.  The  second  was  helped 
by  a  small  water  jet,  but  it  also  failed  to  pierce.  Then  a  larger  jet 
was  rigged  up,  and  the  lower  side  of  the  stratum  was  found  to  be 
at  a  depth  of  about  41  feet,  showing  a  thickness  of  over  30  feet. 
This  would  have  given  a  bed  of  sand  of  over  20  feet  below  the 
foundation  of  the  buikling.  It  was  not,  however,  deemed  advisable 
to  dispense  with  piles,  as  there  would  be  sucli  a  heatl  of  water 
against  the  building  on  the  lake  side  and  the  sand,  although  sea 
sand,  was  water  bearing  and  might  flow. 

in  driving  the  piles  the  jet  was  sunk  witli  the  pile  nnly  to  the 
Ixjttoni  of  the  sand  stratum,  where  it  was  held,  and  this  removed 
nearlv  all  friction  to  that  lieplh.  Ik-yond  this  the  piles  drove 
through  a  second  resisting  stratum  at  70  feet  depth,  ami  brought 
up  witn  good  resistance  on  a  third  stratum  at  a  depth  of  So  feet. 
(  )ne  test  pile  driven  90  feet  indicated  still  another  resistance  at 
that  depth.  The  jet  was  attached  to  the  side  of  the  pile,  and  the 
point  seemed  to  have  a  slight  tendeni^y  to  follow  the  jet  sidewise 
in  going  down. 

At  station  Xo.  6  a  sand  stratum  was  encouiUered  at  a  depth  of 
about  22  feet.  The  test  piles  showed  that  this  stratum  could  be 
penetrated  bv  hard  driving,  but  a  jet  was  used  later  for  economy 
and  to  secure  more  uniform  and  better  results.      Piles  jetted  gave 
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usually  good  resistance  at  a  depth  of  70  feet,  as  shown.     Durhig 
the  excavation  work  it  was  seen  that  not  all  the  test  piles  had 
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pierced  the  sand  stratum,  hut  those  with  knotty  ends  had  hroken 
off  some  distance  from  the  point ;  and  the  new  point  thus  formed 
reaching  the  sand,  in  some  instances  a  second  break  had  occurred. 
Some  of  these  piles  were  entirely  dug  out,  the  points  never  having 
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rcaclu'd  out-off  wIkmi  tin.-  record  showed  many  feet  below.  Test 
pile  Xo.  1  at  station  Xo.  7  was  also  dui;-  ont.  ami  proved  never  to 
have  reached  eut-oH.  Some  feet  aliove  tiie  i)oinl  was  a  mass  of 
tiller,  resemhlinj;-  worn  out  rope.  This  mass  was  as  lari;.-  as  a 
barrel,  and  of  about  the  same  shape. 

.\t  station  .\o.  2  a  resistance  was  met  at  a  depth  of  a!)out  40 
feet,  which,  however,  was  safely  ])enetrated.  the  piles  brinjj^in}.,^  up 
at  65  and  70  penetration  with  u^ood  resistance. 

-At  station  .Xo.  1  the  test  ])iles  showed  resistances  at  de|)ths  of 
40.  55  and  65  feet.  I'he  first  stratum  was  penetrated  with  diffi- 
culty, the  second  in  but  one  or  two  instances.  J  Mies  were  intended 
to  rest  on  the  second  stratum  about  1,=^  feet  below  cut-off.  With 
hard  drivinj^.  nearly  all  reached  this  stratum,  in  drivinij  test  piles 
the  second  day  two  of  them  refused  to  i)enetrate  the  first  stratum, 
si.x  hundred  blows  of  the  hammer  seemiufr  to  have  no  efTect.  I 
had  just  read  in  an  cngineerinja^  paper  that  jjiles  driven  in  sand  to 
reftisal.  if  allowed  to  rest,  after  dispersal  of  strains  at  the  ])oint, 
could  be  (lri\en  further  down.  It  was  decided  to  leave  these  two 
piles  20  feet  above  the  ground.  Redriven  the  next  day.  after  about 
sixty  blows  to  remove  friction,  they  started  and  went  down  with 
unexpected  ease.  It  seems  that  after  the  driver  has  stopped  for 
any  reason  the  piles  usually  start  harder,  but,  once  started,  they  go 
down  at  the  previous  rate.  Piles  rested  over  night  are  harder  to 
start,  but.  once  started,  they  also  go  on  down  as  easily  as  on  the 
day  before.  The  same  proves  true  of  i)iles  rested  ft»r  a  month  or 
more.  When  an  ordinary  pile  follower  is  put  on  the  pile  seems  to 
go  somewhat  harrier,  but  this  may  be  due  to  the  cushion  formed  by 
an  imperfect  jonit.  .\  broomed  head  forms  a  cushion,  so  as  to 
give  false  results  in  calculating  sustaining  pfjwer  of  i)ile.  The  pile 
head  should  be  cut  off  afresh  and  ])roper  record  taken. 

.At  station  .Xo.  S.  in  .\lgiers  proper,  resistance  was  di.scovered 
at  a  depth  of  about  85  feet  by  the  first  test  pile  driven.  Then  two 
test  piles  drove  t(j  130  feet  with  no  bottom.  These  were  70-foot 
])iles.  doweletl  and  followed  by  6()-foot  piles.  .\t  one  point  there 
was  a  jump  of  from  four  blows  per  foot  to  two  blows  per  foot; 
and  although  the  difTereiice  was  so  very  slight,  it  was  still  notice- 
able, and  it  was  suspected  that  the  followers  had  jumi)ed  off. 
Usuallv  the  follower  will  stand  a  great  deal  of  driving  before  fail- 
ing. Work  was  stopped  and  iron  rings  were  sent  for;  head  and 
point  were  strongly  ringed  and  doweled.  These  |)iles  brought 
up  at  85  feet,  practically  at  refusal,  showing  conclusively  that  previ- 
ous results  were  false.  Tiles  with  large  points  drove  harder  and 
gave  greater  resistance,  and  sooner  than  those  with  slim  points. 
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On  the  pole  line  between  the  central  power  station  and  sta- 
tions Xos.  7  and  6  piles  were  driven  for  supporting  the  poles  from 
Bayou  St.  John  to  station  Xo.  6.  The  sand  stratum  encountered 
rose  from  14  feet  in  depth  at  Bayou  St.  John  to  10  feet  at  station 
No.  7,  and  fell  to  22  feet  at  station  No.  6,  showing  the  highest 
point  of  the  sea  beach  to  be  at  station  No.  7.  It  is  lower  toward 
the  lake,  and  also  toward  the  river.  Large  quantities  of  many 
varieties  of  sea  shells  in  perfect  preservation  were  found  during  the 
excavation  for  the  foundations.  These  shells,  where  they  were 
abundant,  gave  much  greater  resistance  to  the  piles  than  the  sand 
alone. 

In  driving  piles  for  bridges  over  canals,  throughout  the  first 
or  upper  drainage  district,  a  sand  stratum  was  encountered  at  a 
depth  of  al)out  40  feet  which  gave  sufficient  resistance.  When 
this  stratum  is  reached  piles  bring  up  almost  as  suddenly  as  if  they 
had  struck  rock.  With  hard  driving  it  can  be  pierced  as  at  station 
No.  I.  Piles  were  billed  40  feet  long,  and  usually  gave  a  little 
waste.  This  stratum  extends  also  over  the  second  drainage  dis- 
trict on  the  river  side  of  Metairie  Ridge,  and  supports  the  piles  of 
all  the  conduit  w^ork,  as  well  as  bridges  over  canals.  In  removing 
old  piling,  to  allow  the  passage  of  the  dredge  at  bridge  sites,  a 
hole  is  reamed  out,  into  which  is  introduced  a  light  pole  to  which 
two  dynamite  cartridges  are  attached.  These  are  fired  by  elec- 
tricity, and  cut  the  piles  olif  easily  and  with  certainty. 

The  system  of  massing  piles  under  heavy  weights  was  pre- 
ferred in  foundations  to  that  of  spacing  them  uniformly  over  the 
whole  area,  even  if  the  concrete  base  on  strong  grillage  should  act 
as  a  monolith.  Some  engineers  prefer  to  drive  all  piles  to  a  uni- 
form resistance,  decided  upon  beforehand,  no  matter  at  what  depth 
it  is  encountered,  but  we  drove  to  the  greatest  resistance  we  could 
get,  depending  on  the  average  for  good  results.  When  foundations 
are  large  and  act  as  a  monolith,  this  would  seem  to  be  the  bettei 
rule.  Theoretically,  if  pile-driving  over  portions  of  a  large  founda- 
tion l)ecame  harder,  it  would  be  economical  to  calculate  on  greater 
sustaining  power  and  omit  a  portion  of  the  piling. 

The  steam  hammer,  wath  its  low  fall  and  rapid  blows,  is  much 
to  be  preferred  to  the  drop  hammer,  which  gives  rest  between  blows 
and  tends  to  mash  the  heads.  The  steam  hammer  was  required  on 
the  drainage  work,  and  those  used  weighed  about  9000  pounds, 
the  hammer  proper  weighing  4500  pounds.  The  drop  measured 
3^  feet.  It  was  calculated  not  to  make  any  pile  bear  more  than 
10  tons,  and  a  resistance  more  than  sufficient  to  support  that  amount 
safelv  was  always  obtained  from  average  results. 
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TESTS  or  <  ()N<  ifi'/i'i:  I'oif  i:i.\si'i<    i'koimoim  ii:s  am> 
I  i/i  lAi A'l  1:  si"|{i;n<.  rii. 


By  W.  H.  Henbv, 


(Read  before  the  Engineers'  Club  of  St.  Louis,  June  13.  1900.*] 

The  use  of  concrete  for  a  building-  material  is  increasintj  very 
rapidly;  its  strength  and  durability,  combined  with  ease  of  handling 
in  construction,  antl  cheapness  make  it  a  very  satisfactory  material 
for  use  in  construoticjn  where  it  has  been  the  practice  to  use  stone 
or  brick  masonry. 

Compared  with  its  increasing  popularity,  and  the  great  de- 
mand for  hydraulic  cement  during  the  last  few  years,  there  is  very 
little  tlefinite  information  in  engineering  literature  upon  its  physical 
properties. 

The  standardization  of  the  testing  of  cement,  and  the  testing 
of  a  mimber  of  cubes  and  prisms  for  ultimate  compressive  strength 
and  elastic  deformation,  in  some  of  which  tests  data  are  given  to 
show  what  is  the  most  efificient  mixture  for  the  given  class  of  ma- 
terials under  the  existing  conditions,  represent  the  greater  jiart 
of  what  has  been  done  and  is  to  be  found  in  \n\\n  upon  this  sub- 
ject. The  tests  made  have  been  for  the  iletermination  of  the  com- 
pressive strength  of  concrete  and  its  compressive  modulus  tjf  elas- 
ticity, and,  while  these  are  the  physical  properties  of  most  interest 
to  users  of  concrete,  some  definite  information  upon  the  tensile 
strength  and  tensile  modulus  of  elasticity  may  jirove  to  be  of  more 
than  merely  theoretical  interest. 

For  several  months  the  writer  has  been  engaged  with  Mr.  E. 
C.  Dicke.  of  the  class  of  ifpo.  Washington  I'niversity.  in  a  labora- 
torv  investigation  of  the  elastic  properties  and  ultimate  strength  of 
stone  and  cinder  concretes  under  both  tensile  and  compressive 
stresses.  These  tesits  -were  made  in  the  Washington  L'niversity 
Testing  Laboratory  as  thesis  work. 

It  is  the  purpose  of  this  paper  to  present  the  results  of  these 
tests  and  some  conclusions  derived  from  a  consideration  of  them, 
and  to  consider  briefly  some  of  the  factors  entering  into  the  mixing 
and  placing  of  concrete  which  affect  its  efficiency. 

In  reviewing  what  has  been  done  in  this  field  of  investigation  a 
lack  of  uniformity  of  results  is  encountered,  not  only  between  the 
results  of  different  investigators,  but  in  the  results  coming  from 
the  same  source.  This  lack  of  uniformity  may  arise  in  part  from 
the  range  in  strength  of  the  component  parts,  and.  in  any  investi- 
♦Manuscript  received  September  10.  1900.— Secretary.  .Assn  of  Eng.  Sees. 
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gation,  should  be  deterniined  so  far  as  is  possible  and  weighted 
when  evaluating  results. 

Where  stone,  crushed  to  stated  sizes,  as  in  this  investigation, 
is  a  component  part  of  the  mix  of  concrete,  incipient  fractures  in 
the  pieces  of  stone  may  greatly  reduce  the  tensile  strength  of  a  test- 
specimen.  Such  a  fracture  not  only  reduces  the  area  of  cross- 
section  by  the  component  of  the  fracture  at  right  angles  to  that 
axis  of  the  test-specimen  in  whose  direction  the  stress  is  applied, 
but,  by  introducing  an  element  of  weakness  in  one  part,  causes  the 
section  to  be  unsymmetrical  and  the  specimen  to  fail  by  a  combined 
tensile  and  cross-breaking  stress.  The  fact  that  in  this  investi- 
gation the  stone  concrete  failed  at  a  lower  tensile  stress  than  the 
ultimate  tensile  stress  of  the  mortar  used  in  making  the  concrete, 
and  that  the  stones  in  the  plane  of  rupture  were  pulled  in  two  in 
that  plane,  shows  the  stone  to  be  the  element  of  weakness  in  the 
concrete  when  it  is  subjected  to  tensile  stress. 

Besides  the  range  of  strength  of  the  component  parts,  the 
other  principal  factors  which  may  cause  a  difference  in  the  physi- 
cal properties  of  any  given  mix  of  concrete  are:  The  much-mooted 
question  of  con.-istencv;  thoroughness  of  mixing;  the  compacting 
of  the  concrete  in  place,  and  the  treatment  of  the  test-specimen 
while  it  is  seasoning.  In  regard  to  consistency,  the  conclusion 
derived  from  a  careful  consideration  of  the  numerous  tests  made 
is  that  the  greatest  strength  is  developed  when  the  mix  is  damp 
enough  for  a  small  amount  of  moisture  to  be  flushed  to  the  surface 
under  heavy  ramming.  This  consistency  is  usually  designated 
"dry."  A  less  amount  of  water  than  enough  to  effect  this  con- 
sistencv  does  not  insure  a  coating  of  all  the  coarser  components 
with  the  cement  and  a  weaker  product  results.  A  greater  amount 
of  water  gives  the  mix  sufficient  plasticity  to  prevent  the  effecting 
of  the  desired  density,  and  the  broken  section  shows  voids  of  con- 
siderable size  and  aggregate  volume  proportional  to  the  excess  of 
water  used.  From  the  tests  it  appears  that  the  decrease  in  strength 
due  to  an  excess  of  water  is  rather  more  than  proportional  to  that 
excess. 

The  tests  shoiw  that,  other  conditions  being  equal,  any  in- 
crease in  density  effected  by  compacting  in  place  by  ramming  in- 
creases very  materially  both  the  ultimate  compressive  and  the  ten- 
sile strength. 

In  regard  to  treatment:  The  specimen  made  of  the  right  con- 
sistency to  give  greatest  strength  and  allowed  to  set  in  the  dry  air 
of  the  laboratory  without  the  protection  of  damp  cloths  during  the 
first  forty-eight  hours  had  a  less  ultimate  strength  and  somewhat 
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loaver  modulus  of  elasticity  than  the  specimen  protected  from  too 
rapid  drying  out  for  forty-eight  hours.  Stone  concrete  sets  more 
rapidly  in  water  than  in  air.  Cinder  concrete  develops  less 
strengith  when  set  in  water  than  when  set  in  air. 

The  tension  specimens  were  made  in  cast  iron  moulds  and 
had  a  sectional  area  of  lo  square  inches,  being  approximately  2^ 
inches  by  3^  inches  in  cross-section,  a  length  of  reduced  section  of 
14  inches,  and  an  over-all  length  of  21  inches.  Each  specimen 
tested  was  measured  for  area  of  cross-section  to  the  nearest  hun- 
dredth of  an  inch. 

The  compression  specimens  were  made  in  wooden  molds 
with  the  same  sectional  area  as  the  tension  specimens  and  with  a 
length  of  1 1  inches,  which  is  very  nearly  four  times  the  least  lateral 
dimension.  The  concrete  was  put  into  the  molds  in  thin  layers 
and  each  layer  was  well  tamped  to  insure  a  uniform  density. 

Three  brands  of  Portland  cement  were  used  in  these  tests, — 
viz,  the  Atlas,  Lehigh  and  Medusa  brands.  The  greater  part  of  the 
test  specimens  were  made  with  the  Atlas  brand  of  cement. 

Unscreened  ^Mississippi  River  sand,  in  the  same  condition  in 
which  it  comes  on  the  St.  Louis  market,  was  used  for  all  tests. 

The  stone  used  was  iii-inch  and  2-inch  limestone  macadam, 
and  this  also  was  used  for  testing  in  the  same  condition  in  which 
it  comes  on  the  market.  \'oids  in  the  2-inch  macadam  measured 
by  fine  sand  equal  43  per  cent.  \  oids  in  i^-inch  macadam  meas- 
ured by  fine  sand  equal  46  per  cent.  Voids  in  sand  used  in  meas- 
uring voids  in  macadam  equal  34.3  per  cent.  Total  voids  to  be 
filled  in  2-inch  macadam  equal  57^  per  cent.  Total  voids  to  be 
filled  in  i|-inch  macadam  equal  6iif  per  cent. 

Cinders  were  used  unscreened. 

The  stone  and  cinders  were  wet  down  in  the  pile  to  prevent 
their  absorbing  too  much  moisture  from  the  mix.  The  sand  and 
cement  were  thoroughly  mixed  dry  and  added  to  the  stone  or  cin- 
ders in  the  mixing-pan. 

All  measurements  were  volumetric. 

The  cement  was  measured  in  such  a  way  as  would  give  very 
nearly,  but  not  quite,  the  density  of  the  original  package  and  main- 
tain a  uniform  density  for  all  measurements. 

The  compression  and  tension  tests  were  made  on  a  Riehle 
testing  machine  of  20,000  pounds  capacity. 

The  deformations  'were  measured  by  means  of  a  dial  extensom- 
ecer  having  friction  rollers.  On  this  extensometer  deformations 
of  o.oooi  of  an  inch  are  read  by  means  of  a  vernier  needle.  By 
using  a  good  magnifying  glass  deformations  of  0.00005  of  an  inch 
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were  read  very  easily  and  ([uite  accurately,  as  the  platted  curves 
prove.  Elou52:ations  were  measured  in  a  i^aj^ed  leiij^th  of  10  inches. 
Tile  i^a^ed  leiis^th  in  compression  tests  was  G  inches. 
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It  has  been  found  that  repeated  loading-  to  the  elastic  limit, 
and  even  somewhat  beyond  it.  does  not  materially  afifect  the  modu- 
lus of  elasticity.  After  the  concrete  is  thirty  days  old  the  rate  of 
gain  of  the  modulus  of  elasticity  is  very  slow. 

Kv  so  proportioning  the  component  parts  that  the  voids  in 
each  component  part  were  filled  with  a  small  excess  for  safety  by 
the  component  part  of  next  smaller  size,  and  by  using  no  more 
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water  in  mixing-  than  just  enough  to  bring  the  mix  to  the  proper 
consistency,  the  greatest  strength  and  the  highest  vahies  of  the 
modukis  of  elasticity  Avere  obtained  for  the  given  class  of  materials. 
The  failure  of  specimens  made  to  develop  the  maximum 
strength  for  the  materials  used  was  in  planes  in  .which  all  stones 
were  broken  across  in  the  plane;  this  is  true  of  both  compression 
and  tension  tests,     ^^'hen  the  pieces  of  concrete  are  broken  Avith 
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Fig.  2.     Modulus  of  Elasticity  for  Various  Mix.tures  of  Stone  axd 
Cinder  Concrete  in  Tension  and  Compression. 

a  hammer  the  planes  of  rupture  go  through  stone  and  mortar 
alike,  showing  the  mortar  to  be  of  equal  strength  with  the  lime- 
stone. 

Numerous  tests  of  ditTerent  mixtures  of  cinder  concrete  have 
been  made.  Compression  and  tension  test  specimens  were  made 
from  each  mix  to  insure  comparable  results.  At  the  time  of  test- 
ing each  specimen  was  measured  and  -weighed  to  determine  the 
specific  density,  and  in  making  comparisons  between  tension  and 
compression  tests  only  those  tests  having  approximately  the  same 
densitv  are  taken  into  consideration. 


TICSTS  OF  CONCRl-rrE. 


157 


Cinder  Cone  ret  c,  ll'ct  and  Dry.  J'ahlc  \'  ;,li(*ws  the  ratio  ul 
till'  ultimate  tensile  strengtli  and  modulus  of  elasticity  between  wet 
and  dry  cinder  concrete  of  mixture  with  i  cement,  3  sand,  6  cin- 
ders. The  ei^iit  specimens  were  made  in  two  mixes  of  four 
each;  specimens  marked  loi,  102,  103  and  104  being  of  the  same 
mix.  All  were  set  under  damp  cloths  for  forty-eight  hours  and 
then  in  dry  air  for  a  period  of  twenty-eight  days,  at  the  end  of  which 
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Fig.  3.     Strenctii  of  .Stone  .\sv  Cinder  Co .vcrete  when  .\  Month  Old. 


time  two  of  each  batch  of  four  were  i)ut  in  .water  for  a  further 
period  of  three  days,  at  the  end  of  which  lime  all  were  tested  to  rup- 
ture. The  average  tensile  strength  of  the  four  tested  dry  was  89 
pounds  per  square  inch,  -while  the  average  tensile  strength  of  the 
four  tested  wet  was  46  pounds  per  stjuare  inch.  The  average  ten- 
sile modulus  of  elasticity  of  those  tested  dry  was  2h  times  the 
average  modulus  of  elasticity  of  those  tested  wet. 
13 
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Tal)lc  \'l  shows  the  ratio  l)etwefn  the  ultimate  eonipressive 
strength  of  wet  and  dry  cinder  concrete.  From  each  of  the  ten- 
sion specimens,  the  results  of  tension  tests  of  which  are  g-iven  in 
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ral)lc  \",  two  compression  specimcMis.  approximating  cubes,  were 
taken.  One  of  each  of  these  two  compression  specimens  was  im- 
mediately tested  for  ultimate  compressive  strengith.  Of  the  other 
eight  specimens,  'the  four  which  were  dry  were  put  into  the  water 
bath  for  forty-eight  hours  and  then  tested  wet,  while  the  four  wet 


TESTS  OF  CONCRITi:. 


150 


cubes  were  ilriid  in  ;i  tciiipiraluro  of  125  !•'.  for  fori} -ciglit  hours 
and  tlicn  tested  (lr\.  In  all  these  tests  tlie  load  was  apphed  slowly. 
This  table  slums  this  concrete  to  have  been  one-third  stroni^er, 
under  compressive  stress,  when  dry  than  Avhen  wet. 

A  scries  of  tests  on  concrete  of  i  cement.  5  limestone  screen- 
ings showed  the  concrete  to  be  28  per  cent,  sironj.,^,^^  when  dr\ 
than  when  wet. 
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Fit;.  5.     AvF.RACF.  Tension  Cirves  of  Cindf.r  Concretk  Shown  to  ,\ 
Smaller  Scale  in  Fic;.  4. 

K       Modulus  <if  I'.lasticilv. 


V\ii.  I  presents  graphically  the  tests  of  seven  stone  concrete 
specimens  in  tension.  The  comjiosition  of  each  t>f  these  test 
specimens  was  i  cement.  2  sand.  4  broken  stone  (li-inch  lime- 
stone macadam).  Xos.  J2,  222.  22 1^  and  224  were  made  from  the 
same  mix.  No.  J2  was  tested  to  rupture  at  seven  days  old.  Nos. 
222.  22T,  and  224  were  loaded  to  120  pounds  per  square  inch  at 
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seven  days  old,  and  tested  to  rupture  at  thirty  days  old  with  load- 
ings and  deflections  as  shown  in  the  figure.  The  four  were  set 
under  damp  cloths  for  forty-eight  hours,  and  then  in  dry  air  until 
tested,  with  the  exception  of  No.  224,  which  was  set  in  water.  The 
tests  shown  in  the  figure  are  representative  tests  of  stone  concrete 
in  tension. 

Fig.  2  presents,  graphically.,  the  average  values  of  the  modulus 
of  elasticity  given  in  Tables  I  and  II.  In  attaining  these  averages 
the  values  obtained  from  the  tests  of  specimens  whose  broken 
sections  showed  the  specimen  to  be  defective  were  not  included, 
so  that  these  values  may  be  taken  to  be  fairly  accurate  for  well- 
mixed  and  well-tamped  "dry"  concrete. 

The  numbers  in  parenthesis  at  each  point  on  the  curves  in- 
dicate the  number  of  tests  averaged  to  obtain  that  point. 

The  average  density  of  the  stone  concrete  compression  speci- 
mens was  found  to  be  greater  than  the  average  density  of  the  ten- 
sion specimens.  This  may  account  to  a  great  extent  for  the  much 
higher  values  of  the  compression  modulus  of  elasticity  of  stone 
concrete. 

The  cinder  concrete  compression  and  tension  specimens  were 
of  approximately  the  same  density  and  were  in  all  respects  com- 
parable. The  higher  values  of  the  tension  modulus  of  elasticity 
are  characteristic,  with  hardly  an  exception,  in  a  long  series  of  ex- 
periments. This  figure  also  shows  the  effect  of  setting  cinder  con- 
crete in  water. 

In  Fig.  3  is  shown  the  strength  of  various  mixtures  of  con- 
crete. The  compression  tests  were  made  on  specimens  whose 
height  was  four  times  the  least  lateral  dimension. 

In  Fig.  4  average  compression  and  tension  curves  of  these 
mixtures  of  cinder  concrete  are  shown  in  full.  Only  such  tests  as 
were  comparable  were  used  in  making  these  average  curves.  This 
figure  shorvvs  the  ratio  between  the  compression  and  tension  moduli 
of  elasticity,  and  the  ratio  between  the  ultimate  compressive  and 
tensile  stresses. 

In  Fig.  5  the  tension  curves,  shown  to  a  small  scale  in  Fig.  4, 
are  shown  to  a  much  larger  scale. 


Editors   leprititing  articles   from   this  journal   are   requested   to   credit  not  only   the 
Journal,  but  also  the  Society  before  which  such  articles  were  read. 
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WATER     31EASUKEMENTS     IIV     CONNECTION     WITH    A 
TEST  OF  A  CENTRIFUGAL  PI  3IP  AT  JOl  RDAN 
AVENUE    DRAINAGE    STATION, 
NEAV   ORLEANS,   LA. 


By  W.  M.  White,  B.E.,  Member  Louisiana  Engineering  Society. 


[Read  before  the  Society,  October  8,  1900.*] 
The  Jourdan  avenue  drainage  station  is  situated  at  the  inter- 
section of  the  Jourdan  avenue  and  Florida  Walk  canals.  It  drains 
the  lower  section  of  the  city  and  discharges  its  water  into  an  out- 
fall canal,  which  empties  into  Bayou  Bienvenue  and  thence  into 
Lake  Borgne.  The  station  is  equipped  with  two  centrifugal  pumps 
of  the  Guynne  type,  designed  by  the  eminent  hydraulician  John 
Richards,  of  San  Francisco,  each  being  direct-connected  to  a  400 
horse  power  triple-expansion  condensing  engine.  Each  pump  has 
a  capacity  of  150  cubic  feet  per  second  when  discharging  against  a 
head  of  12  feet.  The  pumps  are  placed  above  the  level  of  the  dis- 
charge basin,  the  center  line  of  the  pumps  being  about  8  feet  above 
the  surface  of  the  discharge  canal;  but  the  discharge  pipes  are 
submerged,  so  that  the  pumps  get  the  benefit  of  the  siphonic  action 
of  the  water  in  flowing  from  the  higher  level  of  the  pumps  to  the 
lower  level  of  the  discharge  basin.  Most  of  the  pumping  is  done 
from  a  2-foot  to  an  8-foot  lift.  The  pumps  are  designed  to  run  at 
125  revolutions  per  minute  at  the  12-foot  head. 

OnjECT    OF   THE   TEST. 

This  test  was  made  to  determine  at  what  number  of  revolu- 
tions to  run  the  pump  for  the  different  heads  pumped  against,  in 
order  to  obtain  the  highest  efficiency  of  the  engine  and  pump  com- 
*Manuscript  received  October  11,  1900.— Secretary,  Ass'n  of  Eng.  Soc?. 
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bination.  A  comparison  of  the  engine  and  pump  horse  power  was 
made  fpr  different  revokitions,  while  the  head  pumped  against 
remained  constant.  That  number  of  revokitions  which  gave  the 
highest  efficiency  for  the  head  was  selected,  and  the  pump  is  to 
be  run  at  tliat  number  of  revokitions  when  pumping  against  the 
corresponding  head. 

In  making  the  test  the  suction  basin  was  allowed  to  fill,  in 
order  to  get  a  reading  for  the  lowest  head  pumped  against.  The 
pump  was  then  run  at  the  highest  possible  number  of  revolutions, 
and  readings  of  the  engine  and  pump  horse  power  were  taken 
simultaneously.  Tke  pump  was  slowed  down  by  equal  decrements 
of  ten  revolutions  until  the  lowest  practical  number  of  revolutions 
had  been  reached,  taking  the  same  readings  of  engine  and  pump 


Fig.  I. 


horse  power  at  each  decrement  of  revolutions.  The  reason  for 
beginning  at  the  highest  number  of  revolutions  was  that  the  head 
pumped  against  might  be  kept  constant.  At  the  highest  number 
of  revolutions  the  velocity  of  water  in  the  canals  was  greatest, 
consequently  the  velocity  drop  in  the  canals  was  greater  than  at  the 
lower  number  of  revolutions.  During  a  reading  the  canals  were 
lowered  slightly,  but  when  the  pump  was  slowed  down  the  water 
in  the  suction  basin  rose  just  enough  to  keep  the  head  pumped 
against  constant.     After  these  readings  were  made  the  canals  were 
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pumped  down  one  foot  and  similar  rcadintjs  were  taken,  thus  deter- 
mining the  numl)cr  of  rcvohitions  givinj^;'  the  highest  efficiency  for 
each  head. 

Tllli    ENGI.N1-:    lIOKSIi:    I'OWKR. 

The  engine  horse  power  was  determined  in  the  ordinary  way, 
by  using  indicators  and  counting  the  number  of  revolutions.  The 
indicators  used  were  all  Crosby  instruments,  and  in  good  condition. 
They  were  not  calibrated,  as  it  was  thought  the  percentage  of  error 
in  them  would  be  slight  in  comparison  to  the  errors  in  some  of  the 
other  observations. 

Tllli    rUMP    HORSE    POWER. 

In  determining  the  pump  horse  power  the  question  of  the 
velocity  of  the  water  through  the  pipes  was  a  serious  problem.  In 
finding  the  velocitv  three  methods  were  used,  which  w-ere  more  or 


Fig.  2. 


less  dependent  upon  each  other.  On  the  first  day's  test  a  velocity 
gage,  designed  bv  the  writer,  was  used  on  the  suction  side  of  the 
pump  and  a  Titot  tube  on  the  discharge  side  (see  Fig.  2).  The 
Pitot  tube  was  found  to  give  a  higher  velocity  than  existed,  and 
on  the  second  day  of  the  test  a  static  attachment  was  used  in  con- 
nection with  it.  By  means  of  these  methods,  using  them  as  checks 
against  each  other,  the  velocity  in  the  pipes  was  determined  within 
a  small  percentage  of  the  true  velocity.  Knowing  the  velocity  in 
feet  per  second,  and  the  area  in  square  feet  of  the  cross-section  of 
the  discharge  pipe,  the  number  of  cubic  feet  discharged  per  second 
was  determined.     Then  the  number  of  cubic  feet  discharged  per 
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second,  multiplied  by  the  head  discharged  against  (or  the  differ- 
ence between  the  water  levels  of  the  suction  and  discharge  basins) 
and  by  62.3,  gave  the  number  of  foot-pounds  of  water  delivered  per 
second,  and  this,  divided  by  550,  gave  the  pump  horse  power. 

THE   VELOCITY    GAGE. 

The  velocity  gage  is  a  device  that  suggested  itself  to  the  writer 
for  determining  the  velocity  of  water  in  a  pipe  that  takes  its  water 
from  a  basin.  It  embraces  no  new  principles,  but  is  an  application 
of  known  hydraulic  laws  to  local  conditions.  It  depends  for  its 
action  upon  Bernouilli's  thoerem,  which  says  that  "in  steady  flow 
without  friction  the  sum  of  the  velocity  head,  pressure  head  and 
potential  head  at  any  section  of  the  pipe  is  a  constant  quantity, 
being  equal  to  the  sum  of  the  corresponding  heads  at  any  other 
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Fig.  3. 

section."  According  to  this  law,  the  hydraulic  pressure  of  flowing 
water  against  the  interior  of  the  pipe  containing  it  is  equal  to  the 
hydrostatic  head  (or  the  pressure  which  would  exist  if  the  water 
were  at  rest),  less  the  head  causing  the  velocity.  If  a  vertical  pipe 
A  is  connected  with  the  pipe  D,  Fig.  i,  leading  from  the  basin, 
water  will  rise  in  the  pipe  A  to  a  height  E,  which  measures  the 
pressure  of  the  water  against  the  interior  of  the  pipe  D  at  the  foot 
of  pipe  A.  If  the  pipe  D  is  closed  beyond  A,  the  hydraulic  pressure 
E  will  be  equal  to  the  hydrostatic  pressure  H  in  the  basin ;  but  if 
water  flows  through  the  pipe  D  the  pressure  at  A  must  be  less  than 
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H,,  otliorwiso  tliorc  woultl  he  im  tcmliiu-y  tor  tlic  water  U)  move. 
Suppose  that  the  hydrauhc  pressure  in  the  pipe  D  was  J,  measured 
in  feet  of  water,  then  K  (=  H  —  J)  is  the  ihfYerence  of  pressure 
between  the  basin  and  tlie  pipe  D,  expressed  in  feet  of  water,  and 
is  the  pressure  tending  to  set  the  water  in  motimi  from  the  Ijasin 
to  pipe  B,  or  is  the  velocity  head  or  the  pressure  which  gives  it 
tlie  velocity  of  flow. 

From  Bernouilli's  theorem  we  have,  neglecting  friction: 

H.  +  H.  +  ^g  -  H:  +  Hi  +  '^g 

Where  H,,  Hi  =  hydrostatic  head  at  two  points  respectively. 
Hb,  Hi  =  hydraulic  head  at  two  points  respectively. 

-^    ^  ^    =  velocity  head  at  two  points  respectively. 

Substituting  the  values  in  Fig.  i,  we  have: 

H.  +  o  +  o  =  o  +  H.  +  £ 
v" 

To  make  the  foregoing  equation  complete  it  is  necessary  to 
take  into  consideration  the  loss  of  head  due  to  the  abrupt  opening 
from  the  basin  into  the  pipe,  and  that  due  to  the  friction  in  the  pipe. 
Both  of  these  quantities  are  functions  of  the  velocity,  and  are 
determined  l)y  constants  multiplied  into  the  velocity  head.  The 
loss  of  head  due  to  friction  in  the  pipe  is  given  by 

4  il  v" 

Where  f  is  the  coefficient  of  friction,  1  is  the  distance  from  the 
opening  of  the  pipe  to  the  point  where  the  hydraulic  pressure  is 
measured,  and  d  is  the  diameter  of  the  pipe.     The  loss  of  head  due 

to  the  abrupt  entrance  is  c      .  and  the  completed  equation  becomes: 

Solving  for  \  , 

V-.^c'.-4(l-'^'("--"'") 
d 

and  representing  H, —  H»."  by  h 

(1 

the  equation  can  be  written  : 

\-'   :=:   (^    2gh 

\-  =  *  1   2gir. 

In  calculating  the  value  of  '/',  the  term  representing  the  loss 
of  head  due  to  friction  may  be  neglected,  since  the  hydraulic  head 
is  measured  close  to  the  mouth  of  the  pipe.      CSee  Fig.  i.) 
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The  value  of  c  is  usually  given  as  0.5.  Substituting  these 
values : 

<^'  =  ——^—--  =  f 
I  +  o  5  +  0 

^-'  =i/T-=  0.815 
In  using  the  velocity  gage,  the  value  of  '/^  would  have  to  be 
determined  by  calibration,  as  the  value  of  c  depends  upon  the  open- 
ing into  the  suction  basin. 

Supposing  a  velocity  of  5  feet  per  second  in  the  pipe,  we  have : 

V  =  o.  815  1/  2gh. 

5  =0.  815  V^gh. 

h  =  0.59  foot. 

This  gives  a  difference  (H^ — H,/')  of  0.59  of  one  foot,  which  can  be 

read  without  difficulty. 

Suppose  V  =  6  feet  per  second,  then  6  =  0.815  1  2gh. 
h  =  0.843.  This  gives  a  dift'erence  of  reading  Ha  —  Hb^'  of  0.02 
of  a  foot  for  each  increment  or  decrement  of  one  inch  velocity  per 
second  between  5  feet  and  6  feet  flow  per  second.  The  greater  the 
velocity  the  more  accurate  the  reading,  the  accuracy  of  the  reading 
increasing  as  the  square  of  the  velocity. 

PLACING  THE  VELOCITY  GAGE. 

At  the  Jourdan  avenue  pump  two  velocity  gages  had  to  be 
used,  as  there  are  two  suction  pipes. 

In  the  suction  pipes  of  the  pump  at  A,  A,  Fig.  2,  holes  were 
drilled  and  tapped  for  :|-inch  gas  pipes,  and  the  ends  of  these  pipes 
were  not  allowed  to  protrude  into  the  interior  of  the  suction  pipes, 
and  care  was  taken  to  remove  all  burrs  from  the  inside  of  the  pipe. 
Quarter-inch  gas  pipes  were  led  from  these  holes  to  the  scale  BB, 
which  was  placed  on  the  station  wall.  From  experiments  that  have 
been  made  by  Clemens  Herschel.  the  tapping  of  the  pipe  in  one 
place  seems  to  be  as  good  an  arrangement  as  a  piezometer  for  giv- 
ing the  hydraulic  pressure.  A  third  ;^-inch  gas  pipe  was  led  from 
a  still  part  of  the  suction  basin  C.  The  three  pipes  terminated  in 
three  l-inch  glass  tubes,  I,  II  and  III,  which  were  fastened  verti- 
cally on  the  scale  BB.  The  tops  of  the  tubes  were  joined  to  the 
same  exhaust  pipe  E.  The  scale,  BB,  is  6  feet  long,  and  graduated 
to  0.02  of  a  foot.  It  is  placed  behind  the  glass  tubes,  so  that  the 
three  water  levels  are  read  on  the  same  scale. 

The  exhaust  pipe  E,  from  the  top  of  the  tubes,  was  led  back 
to  the  highest  point  of  the  suction  pipe,  and  the  scale  BB  was  placed 
at  such  level  as  would  bring  the  water  levels  on  the  scale ;  m,  n,  o 
and  p  are  |-inch  valves  used  to  control  the  fluctuations  in  the  water 
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coliiiiiiis,  so  that  aocurato  readings  could  l)c  maik-  on  the  scale. 
Tubes  I  aii<l  III  kad  fmm  the  suction  pipes,  while  tube  II  leads 
from  the  suction  basin.  The  reading'  II  —  I  j^ives  h  in  calculating 
the  velocity  in  pipe  No.  1,  while  the  reading  II  —  III  give>.  the  same 
value  for  pipe  No.  2. 

riTOT  TUiu-:. 

The  Pitot  tube  is  an  instrument  for  converging  vehx-ity  bead 
into  hydrostatic  head  and  measuring  the  hydraulic  head,  the  differ- 
ence between  the  hydrostatic  and  hydraulic  heads  being  the  velocity 
head,  or  h  in  the  formula  V  =  \  2gh.  For  convenience  in  read- 
ing these  water  levels  a  scheme  somewhat  similar  to  that  of  the 
velocity  gage  was  used  (see  FF,  Fig.  2).  Here  tube  II  is  con- 
nected with  the  point  G.  and  gives  the  hydrostatic  head,  while  tube 
I  is  connected  to  the  hydraulic  or  rear  part  of  the  tube.  This  part 
should  have  been  designed  so  that  the  water  in  rushing  past  the 
holes  6,  6,  6  did  not  have  any  impelling  or  suction  action,  giving 
only  the  iiydraulic  head. 

The  Pitot  tube  used  in  the  test  is  one  belonging  to  Tulane 
University.  The  constant  of  the  instrument  was  supposed  to  be 
unity.  The  Pitot  tube  was  placed  in  the  discharge  pipe  of  the 
pump,  and  was  so  arranged  that  it  could  be  raised  or  lowered  in  the 
pipe  and  the  velocity  of  the  different  strata  of  the  water  determined. 
The  pipe  was  kept  sealed  at  all  times,  and  a  vacuum  of  about  2 
inches  of  mercury  was  maintained  at  the  top  of  the  discharge  pipe 
within  the  pumping  station.  During  an  observation  at  first  five, 
and  later  nine,  readings  were  taken  in  cpiick  succession,  the  posi- 
tions of  the  point  ranging  from  2  inches  below  the  top  of  the  pipe 
to  5  inches  above  the  bottom.  When  nine  readings  were  taken, 
five  were  observed  while  lowering  the  tube  and  four  while  bring- 
ing it  uj).  .\n  average  of  these  readings  was  taken  as  the  average 
velocitv  of  an  observation.  Another  method  of  getting  the  average 
velocity  of  flow  was  by  imagining  concentric  rings  in  the  discbarge 
pipe,  calculating  the  cubic  feet  discharged  for  each  ring  and  work- 
ing back  to  an  average  velocity.  This  result  was  found  to  agree, 
within  0.5  per  cent.,  with  the  first  method,  and  it  was  discanied  in 
favor  of  the  first  method. 

STATIC    .\TT.\CIIMF.NT. 

After  the  first  day's  test  it  was  found  that  the  readings  of  the 
Pitot  tube  were  too  high,  as  compared  with  those  of  the  velocity 
gage.  For  instance,  notice  observation  No.  i.  Table  No.  I.  The 
Pitot  tube  gives  the  average  velocity  17.91  feet  per  second.  The 
velocity  gage  gives  the  average  \elocitv  as   ir..oj  feet  per  second 
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uitliout  tlic  introdiK'tion  of  tlu'  conslHiit  '/'.  whiili  would  m-vi-r  he 
as  great  as  unity,  so  thai  thi-  true  velneity  must  he  Ii-ss  than  16.92 
feet  per  second. 

The  point  of  the  Pitot  tuhe,  Ci,  h'ij;-.  2.  is  made  accorchng  to 
tlie  Darcy  principle,  an<l  is  correctly  designed  to  give  the  hydro- 
static head.  The  hydraidic.  or  rear  part  H,  of  the  tuhe.  Fig.  2,  is 
not  made  according  to  the  Darcy  principle,  and  the  conclusion  was 
reacheti  that  this  part  of  the  tul)e  was  responsible  for  the  error  in 
the  reading.  As  this  part  of  the  tube  is  intended  to  give  the 
hydraulic  head  of  the  pipe,  it  occurred  to  the  writer  to  tap  the  pipe 
at  D,  and  obtain  the  hydraulic  head  in  this  way.  Accordingly,  a 
hole  was  drilled  at  D  and  tapped  for  a  |-inch  gas  pipe,  care  l)eing 
taken,  as  before,  not  to  have  any  burrs  and  not  to  allow  the  pipe  to 
protrude  into  the  discharge  pipe.  This  i^pe,  P.  terminated  in  a 
glass  tube.  III,  on  the  Pitot  tube  scale,  the  top  of  the  tube  being 
connected  with  the  common  exhaust  pipe  Q.  This  gave  three  water 
levels  on  the  scale.  The  tul^e  III  gives  the  hydraulic  head  by  the 
static  attachment,  II  the  hydrostatic  head  and  I  the  hydraulic 
bead,  as  given  by  the  Pitot  tube.  Column  eight,  observation  Xo. 
18,  Table  Xo.  II,  gives  the  velocity  determined  by  the  Pitot  tube; 
column  nine  that  determined  by  the  static  attachment,  and  column 
seventeen  that  determined  by  the  velocity  gage.  By  a  comparison 
of  the  velocities  it  is  seen  that  the  Pitot  tube  reading  is  15  per  cent, 
higher,  and  the  velocity  gage  10  per  cent,  higher,  than  that  of  the 
static  attachment.  Taking  the  latter  as  correct,  and  from  it  cali- 
brating the  Pitot  tube  by  dividing  the  reading  of  column  nine  by  the 
reading  of  column  eight,  the  constant  K  was  found  to  be  0.856.  and 
calibrating  the  velocity  gage  in  the  same  way  gave  the  constant 
fp  =  0.88.  This  agreed  so  closely  with  the  theoretical  value  of  the 
constant  that  the  reading  of  the  static  attachment  was  taken  as 
correct.  As  a  further  check,  the  Pitot  tube  was  calibrated  by  haul- 
ing it  in  front  of  a  rowboat. 

CALII'.R.VTION    OF    PITOT    TUBE. 

The  Pitot  tul)e  was  calibrated  in  the  Jourdan  avenue  canal 
(see  Fig.  3).  The  canal  is  blanked  oft'  at  one  end.  It  conse- 
quently has  very  little  current,  and  offers  exceptional  advantages 
for  a  calibration  of  this  kind.  For  a  course  a  Xo.  8  galvanized 
iron  wire  was  stretched  600  feet  just  above  the  surface  of  the  water. 
A  point  was  marked  off  on  the  wire  50  feet  from  each  end.  These 
were  used  as  starting  and  stopping  points,  and  left  between  them  a 
clear  measured  course  of  500  feet.  The  50  feet  on  each  end  was 
used  to  get  a  start  before  crossing  the  line,  and  to  check  the  head- 
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way  after  crossing  the  line.  By  means  of  cords  attached  at  bow, 
amidships  and  at  stern,  a  rowboat  was  fastened  to  awning  pulleys 
running  on  the  wire.  The  boat  was  hauled  with  a  tow  line  by  men 
running  on  the  bank.  The  awning  pulleys  and  wire  held  the  boat 
in  a  straight  course.  The  greatest  tendency  of  the  wire  to  pull  to 
one  side  was  at  the  center,  but  in  no  case  did  the  boat  swerve  more 
than  24  inches.  The  Pitot  tube  was  fastened  by  means  of  an  out- 
rigger 3  feet  in  front  of  the  boat,  and  the  point  of  the  tube  was 
submerged  2   feet  below  the  surface  of  the  water.     Glass  tubes, 
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S,  S,  with  a  graduated  scale  behind  them,  faced  the  boat.  These 
tubes  were  terminations  of  the  point  and  rear  pipes  of  the  Pitot 
tube.  They  were  joined  together  at  the  top,  and  the  air  was  ex- 
hausted until  water  rose  in  them  and  its  level  could  be  read  on  the 
scale.  Two  men  were  seated  in  the  boat.  One  was  timekeeper, 
and  with  a  stop  watch  noted  the  time  occupied  in  traversing  the 
500  feet  course.  The  other  read  as  rapidly  as  possible  the  water 
levels  on  the  scale.  An  average  of  these  readings  was  taken,  the 
difference  of  the  averages  giving  h  in  the  equation  V  =  V^gh. 
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In  iioiui;-  over  llu-  course  tlic  boat  was  liauk-d  witli  as  uniform 
speed  as  possible.  The  velocity  in  feet  per  second  ranged  from 
3.45  to  6.8.  In  order  to  eliminate  errors  due  to  any  current  in  the 
canal,  the  boat  was  reversed  after  each  observation,  and  a  reading 
was  taken  in  going  back  over  the  course.  The  readings  i,  3,  5, 
etc..  Table  III,  were  taken  in  traveling  up  the  canal  toward  the  river, 
while  readings  2,  4,  6,  etc.,  were  taken  in  traveling  down  the  canal 
toward  the  pumping  station.  The  up  readings  gave  a  little  higher 
value  of  K  than  the  down  readings,  showing  a  slight  current  in  the 
canal ;  but  this  error  was  eliminated  when  the  two  were  averaged. 

The  distance  in  feet  divided  by  the  time  in  seconds  gave  the 
true  velocity  in  feet  per  second.  The  reading  of  the  tube  II  minus 
the  reading  of  the  tube  I  gave  h  in  the  formula  V  =  V2gh.  This 
gave  the  Pitot  tube  velocity.  Dividing  the  true  velocity  by  the 
calculated  velocity  (^^=  \/2gh),  the  quotient  gave  the  value  of 
the  cotistant  K.  The  true  velocity  is  K\^2gh  for  the  Pitot  tube 
readings. 

An  average  of  fourteen  observations,  Table  III.  gave  the  value 
of  K  :=  0.849.  ^  difference  of  0.7  per  cent,  as  coiupared  with  the 
calibration  by  the  static  attachment. 

DISCUSSIOX    OF    RKSIILTS. 

Tal)le  Xo.  I\'  gives  the  results  of  the  three  measurements  in 
tabulated  form.  Each  observation  from  i  to  13  is  a  mean  oi  five, 
and  each  from  13  to  29  is  the  mean  of  nine  readings.  Columns  one. 
two  and  three  give  the  readings  of  the  Pitot  tube,  static  attachment 
and  velocity  gage  respectively,  as  calculated  from  the  formula 
V  =  V^gh,  without  the  introduction  of  any  constant.  Column 
four  is  a  calibration  of  the  Pitot  tube  from  the  static  attachment  by 
dividing  the  readings  in  column  two  by  the  readings  in  colunm  one. 
Certain  readings  were  rejected  because  the  discharge  pipe  was  not 
full  of  water,  and  because  air  then  gathered  in  the  pipe  leading  to 
the  scale,  rendering  the  readings  unreliable.  Column  five  is  the 
Pitot  tube  reading  multii)lied  l)y  0.849.  This  would  be  the  true 
velocitv.  and  would  give  the  cubic  feet  discharged  if  the  discharge 
pipe  were  full  at  all  times.  At  a  slow  velocity  of  revolutions  air 
would  gather  in  the  discharge  pipe,  and  it  would  be  running  only 
half  full  of  water. 

Colunm  si.\  is  the  calibration  of  the  velocity  gage  by  dividing 
the  observations  of  column  three  by  the  corresj^nding  observations 
of  column  five.  (  )nly  those  observations  that  were  taken  when  the 
discharge  pipe  was  running  full  are  used  in  determining  the  value 
for  the  velocity  gage  readings.  The  average  of  fourteen  observa- 
tions gives  the  value  of  *  =::  0.881.  Multiplying  the  readings  of 
column  three  by  0.881.  the  true  velocity  is  olUained.  as  shown  in 
column  seven,  and  these  were  the  velocities  used  in  finding  the  pump 
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horse  power.  The  Pitot  tube  readings  cannot  be  used  in  deter- 
mining the  true  velocity,  because  if  the  pipe  is  not  full  the  cross- 
section  of  the  discharged  water  is  a  variable  quantity  and  difficult 
to  determine.  The  suction  pipe  is  full  at  all  times,  so  that  the 
velocity  gage  readings  are  the  only  ones  that  can  be  used. 

TABLE   IV. 


.a 

^l« 

3 

■i:"^ 

d 

^  0 

3-° 

^^   '1 
0.2  £ 

-la  ". 

rt'-   J3 

=  3     S 

0  u 

°:  II    . 
°°  •>  -? 

E  !i  0? 
=  S  0 

3 

3 
0 

>>d|-Si 

vB   II  tT, 
3  0       00 

Remarks. 

|o 

>  ^ 

^<  ^ 

>>  ^ 

c3^  < 

^U    II 

«>  1 

iu  >  d 

I 

I 

2 

3 

4 

5 

6 

7 

17.91 

16.92 

15.20 

0.898 

14.9 

tic 

2 

15.56 

15.23 

13.20 

0.867 

13-41 

•5 

3 

I3I5 

12.92 

11.17 

0.863 

11.38 

u 

4 

12.47 

11.95 

10.57 

0.885 

10.53 

U 

5 

11.52 

8.54 

9-77 

A 

7-52 

" 

6 

12.67 

10.23 

10.77 

A 

9.01 

■a 

8 

7 

13-47 

12.68 

11.42 

A 

II. 15 

rt 

^ 

8 

13-27 

12.83 

11.25 

0.877 

"-3 

J3 

3 

9 

12.14 

"-54 

10.3 

0.892 

10.18 

lO 

12.32 

9-25 

10.46 

A 

8.15 

C 
1) 

II 

"-55 

8.25 

9-8 

A 

7.26 

E 

12 

9-94 

6.61 

8.43 

A 

5-825 

13 

15-63 

15.27 

13.28 

0.87 

13-44 

5  < 

14 

13.88 

13-75 

11.78 

0.857 

12. II 

15 

12.03 

II. 71 

10.2 

0.871 

10.31 

.E    rt 

i6 

13.09 

10.12 

II. I 

A 

8.92 

g^ 

17 

11.85 

8.41 

10.07 

A 

7-405 

3    C 

i8 

15-38 

13.2 

14.44 

0.859 

13.06 

0  904 

12.72 

^is 

19 

13.2 

12.06 

13-49 

B 

II. 2 

A 

11.88 

20 

12.27 

10.4 

II. 4 

0.853 

10.41 

0.913 

10.03 

21 

ii.8y 

10.41 

8.81 

B 

10.08 

A 

7-76 

VSio 

22 

6.53 

A 

5-75 

i^l 

23 

15.19 

13-36 

14.91 

0.88 

12.89 

0.863 

13-13 

li-- 

24 

13-52 

11.56 

12.85 

0-855 

11.48 

0.893 

11.32 

.!:i2    u 

25 

II. 31 

9-74 

10.85 

B 

9-6 

A 

9.56 

°t 

26 

8.23 

A 

7-25 

<J> 

27 

12.77 

12.01 

12.43 

B 

10.82 

A 

10.95 

M     III 

28 

10.54 

8-79 

10.12 

0.834 

8.95 

0.885 

8.92 

0    0 

29 

Averag 

8.36 
e  K  = 

Av.  0= 

A 

7.36 

z  2: 

0.856 

0.881 

1  am  indebted  to  Professor  W.  B.  Gregory,  of  Tulane  Univer- 
sity, for  the  loan  of  the  Pitot  tube  used  in  the  test,  for  many  valu- 
able suggestions  and  for  his  assistance  in  working  up  the  results. 
1  am  also  deeply  indebted  to  A'Ir.  Alfred  Raymond,  general  manager 
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ri  >iiMN<;  ii\  (  <»>ii'ici:ssi:i>  aiic. 

By  Edward  A.  Rix,  M.E. 


(Read  before  tiio  Tcclinical  Society  of  the  Piicific  Coast,  August  3,  1900.*) 
My  object  ill  reading  this  |)apcr  is  not  to  cuter  into  an  elabo- 
rate description  of  the  various  methods  of  compressed  air  pumping, 
but  rather  to  toucli  on  points  which  seem  to  have  been  heretofore 
neglected  by  tht_>se  wlio  have  written  on  the  subject,  to  suggest 
some  new  methods,  anti,  if  possible,  to  encourage  the  builders  of 
pumping  machinery  to  design  pumps  specially  adapted  to  the  use 
of  compressed  air. 

From  the  very  beginning  compressed  air  has  been  handi- 
capped, in  the  matter  of  pumiiing.  because  it  has  been  used  with 
stock  pumps  designed  in  general  for  boiler  feeding  and  tank  pur- 
poses, and  no  particular  regard  has  been  paid  t<^  matters  of  cylinder 
proportions  and  to  apjiropriate  pressures.  Compressed  air  users, 
in  the  same  manner,  have  been  obliged  to  utilize  old  steam  motors 
of  all  kinds,  the  general  supposition  being  that  steam  motors  are 
equally  adapted  for  the  use  of  compressed  air.  I  will  plead  guilty 
to  having  committed  this  error  on  many  occasions,  and  the  re- 
markably poor  efficiencies  which  I  have  obtained  have  led  me  to 
investigate  the  matter  and  to  become  a  firm  advocate  of  the  de- 
signing of  special  motors  for  compressed  aar  machinery.  Great 
attention  is  paid  to  designing  motors  for  the  use  of  steam,  even  to 
the  very  smallest  detail,  and  yet  compressed  air,  which  is  almost 
doublv  as  expensive  as  steam  to  produce,  has  been  compelled  to 
take  any  misfit  for  its  use.  It  has  been  condcnmed  right  and  left 
for  lack  of  economy,  and  has  had  a  difficult  time  U)  maintain  its 
proper  existence  in  the  face  of  the  results  it  has  produced  in  many 
cases  with  motors  which  were  designed  for  something  entirely 
dififerent. 

Tliose  who  are  informed  on  the  subject  are  perfectly  well 
aware  that  while  steam  and  compressed  air  folMv  in  general  the 
laws  of  perfect  gases,  their  phenomena  are  sviflriciently  dissimilar  to 
forbid  their  use  in  the  same  motor,  the  general  difference  being 
that  for  similar  terminal  pressures  the  points  of  cut-off  are  dif- 
ferent. Air  does  not  condense  and  it  is  therefore  capable  of  in- 
definite multiple  reheating. 

There  has  been  sufficient  development  made  in  the  line  of  air 
compressors,  and  the  attention  of  manufacturers  should  turn  to  the 
constructing  of  economical  air  motors.     Among  the  first  to  in- 
augurate this  reform  should  be  the  pump  builders;  for  pumps,  as 
*\|  ,i,n-,ript  received  August  i^.   1000— Secretary.  Ass'n  of  Eng.  Socs. 
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ordinarily  furnished  for  compressed  air  use,  have  the  lowest  econ- 
omy of  any  compressed  air  machinery,  not  even  excepting  a  rock 
drill. 

It  is  not  necessary  tO'  revolutionize  shop  methods  nor  to  carry 
an  expensive  stock  of  specially  designed  pumps  in  order  to  accom- 
plish the  results  desired.  Merely  pointing  out  to  an  intelligent 
customer  the  fact  that  his  pocket  will  be  vastly  benefited  by  having 
a  pump  specially  constructed  for  his  work  should  be  a  great  help 
at  the  moment,  and  as  soon  as  it  becomes  generally  known  that 
great  advantages  are  to  be  gained  thereby  many  will  abandon  the 
old  methods  and  the  reform  will  be  inaugurated. 

In  this  paper  I  shall  endeavor  to  point  out  some  economical 
methods  of  pumping  water  by  compressed  air,  and  to  suggest  how 
others  might  be  accomplished. 

Let  us  consider  generally  the  various  methods  used  to  lift 
water  by  compressed  air,  and  to  compare  them  in  such  a  manner 
that  those  interested  may  better  understand  the  subject,  thus  ena- 
bling them  to  improve  upon  these  methods  when  occasion  ofifers. 
To  those  who  believe  that  compressed  air  occupies  an  economical 
as  well  as  a  useful  field  it  is  discouraging  to  see  the  various  tables, 
rules  and  computations  ofifered  to  the  public  for  calculating  the 
amount  of  air  required  to  lift  water,  without  a  word  of  explanation 
that  might  temper  the  almost  general  conclusion  that  compressed 
air  is  a  very  expensive  luxury.  It  would  require  a  stout  heart 
and  a  long  purse  to  put  in  a  compressed  air  pumping  plant  if  the 
verdict  of  the  various  quantity  tables  were  final.  One  consulting 
these  authorities  would  inevitably  conclude  that  the  efficiencies 
were  so  low  that  only  pressing  utility  'would  decide  in  favor  of  com- 
pressed air. 

The  percentage  of  efficiency  credited  to  compressed  air,  in 
these  tables,  ranges  from  15  per  cent,  to  30  per  cent.  No  mention 
is  made  of  possibilities  beyond  these  numbers,  and  we  are  left  but 
the  one  conclusion,  that  from  4  to  7  horse  power  must  be  fur- 
nished to  the  compressor  in  order  to  produce  a  net  yield  of  one 
horse  power  in  water  pumped,  and  particularly  is  this  discouraging 
when  enterprising  advocates  of  electricity  keep  emblazoned  before 
us  all  that  imposing  array  of  efficiencies  that  seem  to  almost  jostle 
the  revered  100  per  cent,  from  its  pedestal.  Moreover,  all  this  is 
misleading,  for  in  the  proper  use  of  compressed  air  in  pumps  we 
may  obtain  efficiencies  that  are  more  than  satisfactory,  that,  in  fact, 
are  difficult  to  exceed  in  many  instances,  and,  in  this  paper,  I  have 
tried  to  make  it  clear  how  to  practically  realize  these  results. 

As  an  example  of  the  information  given  by  some  of  the  cata- 
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log-lies  publisluHl  l)y  Imililors  of  coniprosscd  air  machinery,  take  an 
example  of  lOO  gallons  of  water  per  minute  pnmpcd  200  feet  high. 
What  is  the  (juantity  ui  free  air  and  the  pressnre  re(|uired  in  direct 
acting  pumps?  Reference  is  made  to  Table  1,  containing  ex- 
tracts from  three  publications.  One  iniinlred  gallons  per  minute, 
200  feet  high,  requires  5  theoretical  horse  power.  Comparing  this 
with  the  table  we  tind  that  the  efiticiencies  range  from  17  per  cent, 
to  40  per  cent.,  the  pressures  11  to  50  pounds,  the  cjuantities  from 
225  to  130  cubic  feet  of  free  air  jK^r  miiuitc  and  the  cylinder  ratio 
from  I  to  I  to  5  to  I.  It  will  also  l)e  noted  that  the  pressures  re- 
quired for  the  same  cylinder  ratios  vary  150  per  cent.  The  pres- 
sures given  are  all  receiver  pressures  or  pressures  in  the  main  air 
pipe,  which  fact  is  not  mentionctl.  leaving  one  to  draw  the  con- 
clusion that,  no  matter  what  the  pressure  in  the  main  is.  it  is  only 
necessary  to  install  a  pump  with  large  cylinder  ratio  and  use  low 

pressures. 

T.MU.E  1. 

FuK  100  G.M.i.oNS  I'KR  Mini  IK.     200  Ikkt  lli(;ir. 
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In  luining,  compressed  air  is  used  for  driving  rock  drills,  for 
hoisting  and  for  pumping,  and  the  average  pressures  carried  in  the 
mains  corresp<ind  very  nearly  to  the  steam  pressures  formerly 
used  for  the  same  work;  (p  pounds  gage,  independent  of  altitude, 
seems  to  be  the  standard  pressure.  'Hiis  being  the  case,  these 
tables  and  pumping  data  should  all  be  calculated  from  some  such 
standard  basis,  with  proper  coefficients  for  variations  from  the 
standard  pressure;  and  a  table,  giving  the  proper  cylinder  ratios 
for  different  heads,  using  the  standard  pressures  as  a  basis,  would, 
it  seems  to  me,  be  more  helpful  to  those  who  wish  to  consult  tables 
for  a  guidance. 
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In  this  paper  we  shall  assume  90  pounds  to  be  'the  standard 
pressure  carried  in  the  mains,  and  that  it  takes  20  brake  horse 
power  to  compress  100  cubic  feet  of  free  air  to  that  pressure  at 
sea  level  with  a  single  stage  machine.  This  is  more  than  is  called 
for  by  the  catalogues,  but  observations  from  a  great  many  com- 
pressors, of  many  makes,  justify  me  in  this  statement,  and  pressures 
all  along  the  line  will  follow  the  same  rule. 

There  appear  to  be  six  general  forms  of  compressed  air  pumps  : 

First.     Displacement  pumps  for  full  pressure  only. 

Second.     Displacement  pumps,  using  expansion. 

Third.     Direct-acting  pumps  for  full  pressure  only. 

Fourth.     Direct-acting  pumps,  using  expansion. 

Fifth.  Air  lift  pumps,  simple,  and  combined  with  displace- 
ment chambers. 

Sixth.     Pumps  operated  by  an  independent  motor. 

The  notations  employed  will  be  gage  pressures  unless  other- 
wise specified.  Temperatures  are  expressed  in  Fahrenheit  de- 
grees. The  altitude  is  at  zero,  that  is  to  say,  sea  level,  and  the 
atmospheric  pressure  is  rated  at  15  pounds  for  the  sake  of  con- 
venience, and  I  foot-gallon,  or  the  work  of  lifting  i  gallon  of 
water  (0.134  cubic  feet)  to  a  height  of  i  foot,  is  the  unit  of  work  to 
be  performed. 

The  first  general  system  of  pumps,  as  before  classified, — viz, 
displacement  pumps  for  full  pressure  only,^appears  to  be  the  sim- 
plest of  all,  and  is  the  one  which  would  naturally  be  first  suggested 
to  the  mind. 

If  >we  have  a  closed  vessel  containing  water  having  a  discharge 
pipe,  let  us  say  210  feet  high,  full  of  water,  connected  to  its 
bottom,  and  we  force  air  at  90  pounds  pressure  slowly  into 
this  vessel,  the  air  will  rise  to  the  top  of  the  vessel,  and  water 
will  be  discharged  exactly  equal  in  quantity  to  the  amount 
of  air  forced  in,  and  90  X  0.068  -\-  i,  or  7,  will  represent  the 
number  of  cubic  feet  of  free  air  required  to  raise  each  cubic 
foot  of  water.  Inasmuch  as  practice  will  require  a  certain 
additional  pressure  to  give  a  dynamic  head,  and  there  is  a  cer- 
tain amount  of  pipe  friction  to  overcome  and  some  air  ab~ 
sorbed  by  the  water,  the  number  7,  before  stated,  can  properly  be 
made  9  cubic  feet  of  free  air  used  to  i  cubic  foot  of  water  pumped ; 
or,  expressed  in  foot-gallons,  i  cubic  foot  of  free  air,  compressed 

to  90  pounds,  will  perform  ^^q^  —  1/5  foot-gallons.  The  i 
cubic  foot  of  free  air  has  received  \  horse  power,  or  6600  foot- 
pounds of  work  expended  upon  it.     One  hundred  and  seventy-five 
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foot-gallons  =r  175  x  8.3  =  1452  foot-pouiuls.  so  that  \vc  have 
here  an  efhciencv  of  practically  22  per  cent.,  and  it  will  be  observed 
later  on  that  tiiis  is  better  than  most  (»r(.linary  direct-acting  pumps 
will  do  with  cold  air  as  onlinarily  used. 

The  efficiency  of  this  system  may  be  increased  15  per  cent,  by 
compound  compression;  or,  if  the  water  to  be  pumped  has  a  higher 
temperature  than  the  air,  as  for  instance,  in  the  Comstock,  where 

the  water  temperature  is  120°,  the  absolute  temperature  would  be 

"So 
580°  and  the  efficiency  would  then  be  22  X  T,     =  24.5  per  cent., 

assuming,  for  this  illustration,  that  the  Comstock  is  at  sea  level. 
In  this  system  of  pumping  the  air  may  be  likened  to  a  flexible 
plunger  having  a  square  foot  area  and  making  one  stroke  per  min- 
ute, and  having  an  actual  length  of  stroke  equal  to  the  number  of 
cubic  feet  of  compressed  air  furnished  per  minute,  diminished  by 
the  absorption,  leakage,  clearance  and  equivalent  quantity  neces- 
sary to  furnish  dynamic  head  and  friction,  and  increased  or  dimin- 
ished by  the  ratio  of  absolute  temperiiture  of  air  and  water.  It 
would  be  proper  to  range  the  efficiency  from  15  per  cent,  to  22 
per  cent.  The  chambers  of  this  pump  must  be  submerged,  and  this 
fact  limits  its  usefulness.  In  a  sump,  or  tank,  in  a  mine,  and  for 
lifts  within  range  of  ordinary  compressors,  say  up  to  250  feet,  the 
efficiency  obtained  will  probably  exceed  that  of  the  ordinary  direct- 
acting  pump. 

One  can  readily  see  that  this  system  exhausts  its  chambers  into 
the  atmosphere  at  full  pressure  and  all  the  expansive  w^ork  con- 
tained in  the  air  is  lost,  A  proper  compounding  of  this  system, 
however,  will  be  suggested  later  on.  which  will  utilize  some  of  this 
expansion  and  increase  the  efficiency  materially.  Without  reflect- 
ing, perhaps,  engineers  have  generally  discarded  this  system  as 
too  primitive  and  uneconomical;  whereas,  in  fact,  in  many  in- 
stances, it  is  cheaper  by  far  to  install  and  often  would  exceed  the 
efficiency  of  a  direct-acting  pump. 

For  handling  sewage,  or  material  which  would  obstruct  or 
destroy  pump  valves,  its  utility  gives  it  a  desirable  place;  but.  over 
and  beyond  this,  a  well-constructed  pump  of  this  type  has  a  right 
to  be  properly  considered  in  comparison  with   ordinary   tlirect- 

acting  pumps. 

In  pumps  of  this  type  there  are  generally  two  chambers,  so 
that  while  one  is  filling  the  other  may  discharge,  and  thus  insure 
a  steady  deliver^-,  but  frequently  single  vessels  arc  foun.l  .ndequate. 
Fig.  I  gives  a  general  idea  of  this  type  of  pump. 

As  may  be  imagined,  the  inlet  and  outlet  of  tiu-  (-..mpressed 
air  in  the  original  pumps  of  this  class  were  controlled  by  floats, 
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which  are  unreliable,  and  which  greatly  limit  the  size  and  shape 
of  the  vessels,  and  the  clearance  was  excessive.  The  modern 
type,  however,  has  eliminated  all  of  these  uncertainties,  and  the 
Merrill  Pneumatic  Pump  Company  has  an  automatic  and  positive 
differential  controlling  valve,  situated  above  the  chambers,  which 
are  free  from  floats.  Many  are  in  use,  and,  being  free  from  many 
of  the  complicaltions  which  exist  in  ordinary  pumps,  may  be  classed 
alongside  of  ordinary  direct-acting  pumps  where  submersion  is 
possible.  There  is  no  reason  why  lifts  in  two  or  more  stages  would 
not  be  entirely  feasible  with  this  pump. 


Fig.  I.*    Merrill  Type  of  Displacement  Pump. 

Class  II  consists  of  displacement  pumps  using  more  or  less 
expansion.  This  class  of  pumps  is  best  exemplified  by  the  Harris 
system,  owned  and  operated  by  the  Pneumatic  Engineering  Com- 
pany, of  New  York.  This  system  is  extremely  interesting,  simple 
and  economical,  and,  I  have  no  doubt,  would  in  many  cases  prove 
to  be  the  proper  installation,  especially  in  mines  where  a  steady 
flow  of  water,  at  reasonable  heads,  is  to  be  handled. 

This  system  consists  in  displacing  and  elevating  the  water 
precisely  as  in  Class  I,  with  the  difference  that  while  in  Class  I 
*  For  Figs.  2,  3  and  4,  see  pages  214.  215  and  216. 
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the  air  is  inuncdiatoly  exhausted  from  the  water  vessels  into  the 
atmosphere  and  all  its  energy  of  expansion  lost,  the  compressed 
air  in  the  latter  system,  after  displacing  the  water,  is  allowed 
to  tlo  work  in  expanding  against  the  compressor  piston,  and 
thus,  theoretically  speaking,  all  its  expansive  energy  is  saved. 
but  practically  the  manufacturers  admit  that  the  losses  in  leakage 
and  friction  arc  about  15  per  cent.,  a  slatinu-ut  uliirh  di'xTves 
credence. 

The  action  of  the  pump  is  as  follows:  There  arc  two  cham- 
bers placed  within  suction  limit  of  the  sump,  or  submerged,  as 
desired.  An  air  pipe  leads  from  the  compressor  to  the  top  of  each 
chamber.  There  is  a  single  water  discharge  connected  with  both 
chambers  and  a  single  suction.  The  system  is  so  arranged  that 
while  one  chamber  is  filling  the  other  empties,  and  an  automatic 
switch  plays  the  important  part  of  regulating  the  admittance  and 
exit  of  the  air.  The  system  is  a  closed  one  and  only  leakage  is 
replaced  automatically. 

Suppose  one  of  the  chambers  filled  with  water.  The  air  is 
then  admitted  at  such  pressure  that  the  water  is  expelled  and  the 
air  pipe  and  chamber  are  full  of  compressed  air  at  the  pressure  of 
the  water  lift  or  slightly  more.  The  other  tank  has,  in  the  mean- 
time, filled  Avith  water.  At  this  point  the  automatic  switch  con- 
nects the  air  pipe  of  the  empty  chamber  with  the  intake  of  the 
air  cylinder,  and  the  air  pipe  of  the  other  chamber  with  the  dis- 
charge of  the  compressor  cylinder.  It  is  evident  that  instantly 
the  air  in  the  first  chamber  will  expand  through  the  compressor 
and  equalize  the  pressure  in  the  empty  air  pipe  of  the  second  cham- 
ber and  all  clearances.  This  expansion  is  lost,  but  it  amounts  to 
but  little.  The  compressor  now  transfers  the  air  from  the  first 
chamber  to  the  second,  displacing  the  water  in  the  second,  and  the 
air  from  the  first  chamber  thus  does  work  upon  the  air  compressor 
piston  in  expanding  from  full  pressure  to  zero.  When  zero  pres- 
sure is  reached  in  the  first  ciiambcr,  and  if  it  is  not  submerged,  the 
compressor  continues  to  draw  air  from  it  until  the  water  rises  and 
fills  it.  At  this  point  the  first  chamber  is  ready  to  be  discharged, 
but  if  there  has  been  leakage  the  second  chambei  has  not  re- 
ceived enough  air  to  complete  its  discharge,  and  this  is  now  sup- 
plied by  a  check  valve  in  the  intake  pipe  which  is  set  to  open  at  a 
suction  pressure  slightly  above  that  necessary  to  draw  the  water 
into  the  chambers.  If  the  chambers  are  submerged  an  ordinary 
check  valve  will  automatically  supply  any  deficiency  in  the  air 
quantity.  The  second  chamber  being  completely  discharged,  the 
automatic  switch  reverses  and  the  cycle  is  complete.     Of  course 
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everything  depends  upon  the  rehabihty  cf  the  switch,  which  is 
placed  on  the  air  pipes  near  the  compressor,  where  the  engineer 
can  see  its  operation  and  adjust  it  if  necessary.  It  can  be  auto- 
matically operated  in  three  ways. 

First,  by  means  of  the  suction  which  occurs  in  the  intake  pipe 
leading  to  the  compressor,  when  the  water  is  drawn  above  its  out- 
side level  in  one  of  the  chambers. 


TABLE  II. 
Harris'  Compound  Pressure  Pump. 
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Work  of  simple  compression  of  80  cu.  ft.  of  free  air  to  90  lbs.  gage  at  6600,      528,000 
Work  of  compound  compression         "  "  "  "  "  446,306 

Efficiency  of  the  system  referred  to  compound  is  therefore,  ' =  3.09 

^  ^  ^  '     141,040       ^     ^ 


and  referred  to  simple  is        .....  . 

Po  initial  absolute  presstire  in  tank. 

final  "  "  in  compressor  =  90  lbs.  g. 

Pn  absolute  pressure  after  the  «th  double  stroke. 
Pa  "        atmospheric  pressure. 

/V  +  a  \n 

V  volume  of  tank  ^^  8  cu.  ft. 
a  "  pips  =-^  3.24  cu.  ft. 
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compressor  cylinder  =  2  cu.  ft. 
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Effective  isothermal  work  of  expansion. 
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Effective  adiabatic  work  of  compression. 
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Theoretical  actual  work  done  in  lifting  water  =.-  8  X  62.5  X  2io  =  105,000  foot- 
lbs,  allowing  85'^'^.  mechanical  efficiency.     Real  work  done  =  89,250  foot-lbs. 
^9,250       ^         . 
141,000        J  J/" 
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Sccoiul,  by  :i  iikcIkuusiii  ilial  will  llirnw  the  switch  at  some 
assigned  miniber  of  strokes  of  the  compressor,  tlic  proper  miml)er 
being-  that  which  Mill  empty  one  chamber  and  fill  the  other. 

Third,  by  an  electrically-controlled  mechanism,  the  circuit  be- 
ing made  and  broken  by  a  pressure  gage  on  the  intake  of  tlie 
compressor  or  by  a  float  in  one  of  the  chambers. 

In  Figs.  3  and  4  we  have  diagrams  and  data  supplied  U>  the 
writer  by  the  Pneumatic  Engineering  Company,  which  will  be 
interesting  to  those  who  care  to  investigate  this  extremely  interest- 
ing and  economical  method  of  pumping  by  compressed  air. 

Table  II  gives  a  problem  of  pumping  under  90  pounds  pres- 
sure, which  shows  in  detail  the  change  of  work  on  the  air  com- 
pressor piston  during  the  progress  of  changing  the  air  from  one 
water  chamber  to  the  other.  It  will  be  noted  that  the  net  work  is 
even  less  than  the  full  pressure  work  at  90  pounds  pressure,  thus 
showing  that  the  compression  work  is  practically  eliminated,  and 
that  90  pounds  pressure  can  be  transferred  from  one  receiver  to  the 
other  at  less  than  one-third  of  the  power  lequired  to  fill  a  receiver 
at  90  pounds  pressure.  Consequently  this  system  should  be  at 
least  twice  as  economical  as  the  regular  displacement  system.  The 
disadvantage  is  that  it  requires  an  independent  plant  and  a  double 
set  of  air  pipes.  I  have  no  hesitancy  in  placing  the  efficiency  at 
from  60  per  cent,  to  70  per  cent.,  and  I  consider  it  a  very  desirable 
system  for  mine  station  pumping. 

UIRECT-.XCTING    PUMTS. 

The  ordinary  direct-acting  pump  is  the  best  known  of  all 
power  pumps  and  is  the  typical  example  of  a  mott^r-driven  dis- 
placement pump.  Its  efficiency  suffers  on  account  of  its  large 
clearance,  its  apparent  inability  to  realize  full  stroke  and  the  ill- 
advised  selection  of  cylinder  proportions.  In  general  it  is  given 
a  mechanical  efficiency  of  65  per  cent.  It  is  not  a  perfect  displace- 
ment pump,  because  the  valves  are  generally  so  arranged  as  to 
cut  off  just  before  the  completion  of  the  stroke,  in  order  to  exhaust 
the  inertia  of  the  moving  parts  by  the  time  the  stroke  is  finished, 
and  this  gives  a  slight  expansion  in  the  cylinder,  but  this  expansion 
may  be  neglected  in  general  and  the  pump  put  in  the  displacement 
class. 

If  a  pump  uses  full  pressure  only,  it  is  evident  that  the  more 
full  pressure  its  compressor  diagram  shows,  the  greater  will  be  the 
efficiency  of  the  system.  The  lower  the  air  pressure  the  less  is 
the  compression  work  and  the  greater  the  proportion  of  full  pres- 
sure work;  consequently  the  lower  the  pressure  the  more  efficient 
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is  the  system.  This  really  refers  to  the  compressor  and  not  to  the 
pnmp,  for  the  pmnp  works  the  same  whether  it  receives  air  at  lo 
pounds  pressure  from  the  compressor  or  whether  the  air  has  been 
expanded  from  a  receiver  having  a  higher  pressure,  provided  the 
temperatures  are  constant. 

If,  then,  we  look  for  the  best  efficiency  from  direct-acting 
pumps,  we  must  put  in  an  independent  compressed  air  system  and 
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Col.    I  — 
Col.   2— 

Col.  3- 


Col.  4 — 
Col.  5 
Col.  6 
Col.  7— 
Col.  8- 
Col.  9  — 
Col.  10 


Gage  pressures  in  air  cyl.  of  pump. 

Is  the  volume  of  free  air  required,  calculated  from  Cox's  computer. 

Horse  power  corresponding  to  above   volume,   calculated  from   same  com- 
puter. 

Ratio  of  gage  pressures  in  Col.  1  to  90  lbs.  Standard  Mining  Pressure. 

Adiabatic  temperature.      Ratios  corresponding  to  pressure  ratios  in  No. 

Are  practical  temperature  ratios,  being  'jofo  of  No.  5. 

Is  Col.  2  multiplied  by  Col.  6. 

Is  H.  P.  calculated  for  No.  7  by  Cox's  computer  76. 
-Are  percentages  of  Col.  3. 
— Are  percentages  of  Col.  8. 
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carry  a  low  pressure.  We  can  hardly  imagine  that  this  would  be 
generally  done  and  consequently  we  must  count  on  the  standard 
pressure  of  about  90  pounds  for  our  economies  and  proportions. 
After  comparing  the  various  tables  of  compressed  air  quanti- 
ties for  direct-acting  pumps  it  appears  that  the  calculations  of  Wil- 
liam Cox  are  the  most  reliable,  and  thev  agree  very  nearly  with 


PUMPING  BY  COMPRESSED  AIR.  183 

practical  results  that  I  have  noted,     lie,  however,  like  the  others, 
considers  that  the  pressure  used  by  the  pump  is  receiver  pressure. 
The  following-  are  his  principal  formulae,  based  on  100  feet  of  piston 
speed.     Other  speeds  will  naturally  be  in  proportion: 
Diameter  of  water  cylinder  =  0.54  Vgallons  raised. 

(Diameter  of  air  cvlinder)=  =  0.5  X  head  X  ^'^'^"'-  °^  '''^'"'  ''-''•"*' 

gage  pressure 

Volume  of  free  air  =  0.63  X  (diam.  of  air  cyl.)^  X  ( i  +  0.068 
gage  pressure),  and  in  general,  without  regard  to  any  factors  but 
quantity,  head  and  pressure,  we  have 

\'olume  of  free  air  =   °-^^  foot-gallons  X  (i     0.068  gage  pressure) 

gage  pressure 

In  using  these  formulae  it  must  always  be  borne  in  mind  that 
the  pressures  given  are  receiver  pressures;  that  is  to  say,  that  the 
compressor  furnishes  air  to  the  mains  at  the  pressures  called  for  in 
the  tables,  and,  if  any  higher  pressures  are  carried  in  the  mains, 
such  as  90  pounds,  and  the  air  cylinder  of  the  pump  is  so  large  that 
the  air  is  wiredrawn  to  it,  then  the  quantities  of  compressed  air 
given  should  be  multiplied  by  a  constant,  such  as  given  in  Column 
6,  Table  III,  when  the  pipes  are  short  between  the  main  and  the 
pump,  as  occurs  generally  in  a  shaft. 

The  constants  in  Table  II  are  simply  about  70  per  cent,  of  the 
ratio  of  the  absolute  temperatures  due  to  the  expansion  of  the  air 
from  90  pounds  to  the  pressures  indicated  in  the  tables,  and  the 
horse  power  will  not  be  the  power  required  to  raise  the  pressure 
from  atmosphere  to  the  working  pressure,  but  always  that  required 
to  deliver  it  into  the  mains.  This  fact  makes  sorry  work  for  effi- 
ciencies. 

Inasmuch  as  most  pumps  are  in  the  shaft  near  the  main,  a 
very  short  pipe  connects  them  to  the  main,  and  the  air  is  expanded 
through  this  short  pipe  to  the  pump  for  pressures  less  than  that 
in  the  main.  This  expansion  reduces  the  temperature  of  the  air 
entering  the  pump  to  quite  a  marked  degree,  but  not  by  the  theo- 
retical amount  due  to  the  pressure  drop,  for  some  heat  from  ex- 
ternal sources  is  supplied,  and  also  from  the  friction  of  wire  draw- 
ing. 

While  I  have  made  no  experiments  on  this  subject  I  have  as- 
sumed that  less  heat  would  be  given  to  this  expanding  air  than  a 
good  water  jacket  w^ould  take  out  of  the  air  during  compression, 
and  I  have  assumed  the  temperature  to  drop  70  per  cent,  of  that 
due  to  the  pressure  drop.  This  reduces  the  air  volume  and  adds 
to  the  quantity  consumed  by  the  pump,  and  consequently  lowers  its 
efficiencv. 
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It  would  be  a  good  practice  to  let  this  cold  air  gain  normal  tem- 
perature before  reaching  the  pump  cylinder,  and  this  can  be  done 
by  passing  the  water  being  pumped  into  an  enlargement  in  the 
discharge  pipe,  within  which  is  a  coil  through  which  the  air  is 
passed,  but  if  no  such  device  is  used  and  if  the  air  pressure  in  the 
mains  is  90  pounds,  we  shall  find  that  Table  III  expresses  about 
the  real  condition  of  affairs  for  a  pumping  effort  of  10,000  foot- 
gallons. 

Conclusions  from  Table  III: 

First.  The  lower  the  air  pressure  in  the  main,  with  cylinders 
designed  properly,  the  greater  the  efficiency,  reaching  as  high  as 
30  per  cent. 

Second,  The  efficiency  drops  immediately  if  the  air  is  ex- 
panded through  the  throttle  into  an  air  cylinder  which  requires 
less  pressure  than  the  main. 

Third.  At  standard  mining  pressure  of  90  pounds  the  effi- 
ciency is  about  17  per  cent,  with  properly  designed  cylinders,  and 
probably  drops  as  low  as  12^  per  cent,  in  pumps  where  "just  one 
turn  of  the  valve  is  open." 

Fourth.  Very  little  loss  occurs  in  using  pressures  within  10 
per  cent,  of  the  pressures  in  the  main,  which  is  ample  to  impart 
proper  dynamic  head  to  pump. 

If  compound  compression  should  be  used,  then  the  efficiencies 
mentioned  can  be  increased  15  per  cent.,  and  they  will  range  then 
as  high  as  34.5  per  cent,  for  low  pressures  and  from  19.55  per  cent, 
to  14.5  per  cent,  for  standard  mining  pressures. 

If  the  air  is  reheated,  so  that  the  pump  cylinder  receives  it  at 
300°  F.,  and  if  no  account  is  made  of  the  cost  of  reheating,  then  the 
efficiencies  for  low  pressures  and  simple  compression  will  be  42 
per  cent.,  for  compound  compression  48  per  cent,  and  for  standard 
mining  pressures,  for  simple  compression,  24  per  cent,  to  17.5  per 
cent,  and  for  compound  compression  27^  per  cent,  to  20  per  cent. 

According  to  the  above  table,  at  standard  mining  pressure,  the 
efficiency,  using  cold  air,  is  17  per  cent,  at  maximum.  According 
to  our  statment,  if  20  horse  power  produce  100  cubic  feet  of  free 
air  compressed  to  90  pounds,  i  cubic  foot  will  •  cost  6600  foot- 
pounds of  work.  Seventeen  per  cent,  of  this  would  be  1122  foot- 
pounds of  useful  work  that  the  one  cubic  foot  of  free  air  would 
perform.  Eleven  hundred  and  twenty-two  foot-pounds  is  equal 
to  135  foot-gallons. 

I  have  measured  the  exhaust  of  many  pumps  using  air  at  from 
80  to  90  pounds,  and  I  have  found  their  work  to  be  approximately 
135  foot-gallons  for  each  cubic  foot  of  air.     I  have  used  this  figure 
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in  all  my  calculations  for  ordinary  pumps,  properly  proportioned. 
Thus,  to  lift  200  gallons  a  mimitc  200  feet  high  would  be  40,000 
foot-gallons.  This,  divided  by  135,  would  require  300  cubic  feet 
of  free  air  compressed  to  90  pounds,  which  in  turn  requires  3  X  20 
or  60  horse  power  to  produce  it.  If  compound  comi)ression  be 
used,  I  increase  the  135  foot-gallons  by  15  per  cent,  and  call  it 
155  foot-gallons;  and,  if  reheating  is  used,  in  either  case,  I  increase 
the  135  by  the  ratio  of  absolute  temperature  which  I  am  satisfied 
the  pump  receives. 

The  efficiency  of  the  ilirect-acting  pump  is  shown  in  the  dia- 
gram. Fig.  5,  as  follows: 

With  a  simple  compressor  the  M.  E.  P.  of  compression  is  a 
Utile  more  than  the  M.  E.  P.  adiabatic,  say  40  pounds.     This  cor- 
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Fig.  5.     DiAGR.KM  of  Ordin.vrv  Direct- .\cting  Pump.* 

I  .1-  1     ;m    T    1 ._  area  X  spring 

responds  to  an  area  on  this  card  ot  M.  i..  I  .  —  length  of  card  ""^ 

•^_^  ^5   or^^  =z  18.66  square  inches.     The  atliabatic  volume  of  G, 

7  >5 

B,  D,  H,  shrinks  to  A,  B.  C.  D.  before  arriving  at  pump.  The 
pump  having  a  mechanical  efficiency  of  65  per  cent.,  the  volume 
I.  B,  E,  F,  is  all  that  really  does  useful  work.     That  area  is  0.6 

X  6  =  3.6  square  inches,      ^jjj'^^  =  19  per  cent.,  which  compares 

nearly  with  our  other  figures. 

We  found  simple  displacement  pumps.  Class  I,  giving  175 
foot-gallons  of  work,  and  direct-acting  pumps.  Class  II.  giv;:^- 

*In  this  and  the  foIiowinR  diaRrams.  atmosiphcric  pressure  =  15  pou 
Pressure  scale,  i  inch  =  15  pounds.  Receiver  pressure  =  90  pounds  or  7 
volumes.  The  diagrams  arc  here  reduced  to  Va  size.  The  adiabatic  area 
of  the  diagram  is  taken  at  18.66  sq.  in.,  or  20  H.  P.  per  too  cu.  ft.  free  air 
compressed  to  90  pounds.  Compound  compression  area  =  16  sq.  in.  Isother- 
mal area  =  13-44  sq.  in. 
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Fig.  6.     Multi-Chamber  Lift  with  Exj'Ansion. 

135  foot-gallons  of  work.  This  might  be  anticipated,  because  in 
Class  I  the  air  is  used  isothermally  throughout,  the  pressure  is 
always  exactly  what  is  necessary,  the  clearance  is  small  and  there 
are  no  mechanical  movements  to  overcome. 
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Referring  again  to  the  Table  III,  and  remembering  that  we 
have  assumed  90  pounds  as  our  standard  pressure  in  the  mains,  we 
note  how  serious  a  loss  we  would  entertain  if  we  used  a  pump  hav- 
ing an  air  cylinder  so  large  that  the  wx)rking  pressure  was  20 
pounds.  One  not  skilled  might  expect  to  get  30  per  cent,  effi- 
ciency, but  would  really  get  about  10  per  cent.,  or  just  300  per  cent, 
out  of  the  way.  and  this  justifies  the  remark  that  I  have  heretofore 
made  that  these  catalogue  tables  are  misleading.  Except  for  ex- 
tremely small  quantities  and  for  sinking  pumps,  I  cannot  justify 
the  use  of  simple  direct-acting  pumps  lor  compressed  air  use. 

Simple  displacement  pumps,  mentioned  in  Class  I,  can  be 
made  to  use  the  air  with  at  least  partial  expansion,  and  I  suggest 
the  following  for  your  consideration  and  experiment.  It  occurred 
to  me  while  searching  for  a  cheap  and  economical  means  to  do 
some  air  pumping.  We  will  take  the  same  problem  of  work  at  90 
pounds  pressure.  In  order  to  make  the  problem  simpler  I  have 
made  it  purely  theoretical,  and  we  can  supply  whatever  efficiency 
coefficient  we  deem  appropriate. 

Suppose  we  have  six  equal-sized  tanks,  A,  B,  C,  D.  E,  F,  Fig. 
6,  arranged  one  above  the  other  at  distances  we  shall  shortly  deter- 
mine. Suppose  tank  A  submerged  in  a  sump,  and  an  air  pipe 
conducting  compressed  air  at  90  pounds  to  this  tank.  From  each 
tank  to  the  one  above  there  is  an  air  pipe  leading  from  the  bottom 
of  the  lower  tank  to  the  top  of  the  upper  one,  as  shown.  From 
each  tank  to  the  one  above  there  is  a  water  discharge  pipe  leading 
from  the  bottom  of  the  lower  one  to  the  bottom  of  the  upper  one. 
as  shown,  and  having  a  check  valve  on  its  lower  end  to  keep  it  full 
of  water.  From  tank  F  the  discharge  is  to  the  surface  G.  On 
each  tank  is  a  check  valve  C,  opening  the  tanks  to  atmosphere 
whenever  the  pres>ure  falls  to  atmosphere  within  the  tanks  and 
closing  them  whenever  the  water  rises  against  them.  Now,  if  tank 
A  be  full  of  water,  and  air  at  90  pounds  be  admitted,  the  water  will 
be  displaced  into  the  tank  Li  a  distance  of  210  feet,  just  as  it 
did  with  the  Merrill  pump,  but  when  the  water  is  all  discharged 
from  A.  and  just  before  the  water  discharge  pipe  is  uncovered,  the 
air  pipe  leading  to  tank  B  is  uncovered  and  the  air  passes  up  into 
lank  B,  expanding  against  the  water  and  pushing  it  up  into  tank 
C  a  distance  equal  to  one-half  the  absolute  pressure  of  90  pounds. 
This  must  be  so  because,  tanks  A  and  B  being  equal,  the  pressure 
becomes  37.5  pounds  in  both  of  them  when  they  contain  air  and 
not  water,  so  now  we  have  the  water  in  C  at  S7  feet  above  B.  and 
in  a  similar  manner  it  will  be  pushed  into  D  and  E  and  F  and 
fmallv  out  at  G  distances  46  feet  and  25  feet.  14  feet  and  6  feet. 
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respectively,  corresponding  to  ^  and  ^,  i  and  ^,  the  absolute  pres- 
sures of  90  pounds.  When  D  is  empty  the  whole  system  is  full  of 
expanded  air  at  2.5  pounds,  at  which  pressure  it  exhausts  into  the 
atmosphere.  No  mechanism  is  necessary  except  the  one  small 
valve  mechanism,  similar  to  the  Merrill  device,  and  this  admits  air 
into  A  at  proper  intervals.  The  rest  of  the  tanks  take  care  of 
themselves.  If  fine  economy  is  not  required,  only  the  water  pipe 
need  connect  the  tanks,  the  air  pipe  may  be  eliminated  and  also 
the  check  valves  in  the  water  pipes,  and  the  air  will  drive  the  water 
from  tank  to  tank  and  finally  escape.  The  check  valves  C  will  then 
drop  open  and  air  may  be  again  admitted  at  A.  The  water  pipes, 
being  always  full,  do  not  form  clearance.  It  matters  not  how  much 
water  is  left  in  the  bottom  of  the  tanks,  so  long  as  they  are  all  alike. 
That  does  not  form  clearance,  and,  so  long  as  the  tank  is  full  before 
the  valve  switches,  there  is  practically  no  clearance.  The  air,  as 
admitted  to  the  tanks,  is  made  to  bubble  up  through  the  water  in 
small  bubbles  through  a  false  bottom,  and  thus  the  expansion  is 
made  isothermal. 

The  system  can  be  made  double,  or  in  any  number  of  units, 
so  that  the  discharge  may  be  constant.  The  objection  to  the 
system  for  shaft  work  is  in  the  space  required  for  the  tanks,  which 
might  not  be  objectionable  in  some  places.  For  outside  pumping 
it  would  be  efficient  and  easy  to  install.  As  to  economy,  not  much 
of  a  calculation  is  necessary  to  show  that  if  the  Merrill  pump  did 
175  foot-gallons  of  work  with  one  cubic  foot  of  free  air  at  90 
pounds,  and  lifted  the  water  210  feet,  this  system,  with  the  same 

air,  will  do  175  X         or  320  foot-gallons,  because  it  has  lifted  the 

water  87  -|-  46  -j-  25  -|-  14  -|-  6  feet,  or  178  feet,  further,  or  a  total 

of  388  against  210.     This  makes  the  efficiency  22  X    -    or  40  per 

cent.,  quite  an  advance  over  the  efficiencies  of  direct-acting  pumps. 

Another  peculiarity  is  that  although  90  pounds  pressure  cor- 
responds to  210  feet  head,  it  is  lifting  water  388  feet,  so  that  the 
cylinder  ratios,  as  it  were,  are  inverse. 

If  we  now  study  the  diagram,  Fig.  7,  made  up  from  the  action 
of  this  pump,  and  allow  that  the  expansion  is  isothermal,  we  have 
A,  B,  D,  C,  as  the  original  volume  at  90  pounds  in  the  first  tank. 
This  expands  to  E,  F,  D,  I,  in  'the  second  tank,  and  so  on  to  atmos- 
phere after  leaving  the  sixth  tank.  It  is  evident  that  the  triangular 
areas  A,  E,  T,  etc.,  six  in  all,  are  the  expansion  losses,  but  when  it 
is  considered  that  these  expansions  furnish  the  dynamic  head  that 
overcomes  the  element  of  time  and  pipe  friction,  we  see  that,  even 
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if  there  is  loss,  it  is  necessary,  and  it  the  air  had  expanded  along 
the  isothermal  line  we  would  have  been  oblip^cd  to  add  to  our 
initial  pressure  and  quantity  to  overcome  these  resistances.  Con- 
sequently, as  a  pump,  it  lias  a  high  efficiency,  for  it  utilizes  about  all 
the  expansion  energn^-  of  the  air.  To  calculate  it  from  the  card 
without  planimetcr,  -wq  have  as  follows: 

The  card  beitifj  7  inches  long,  7  atmospheres  high  and  i 
atmosphere  to  the  inch,  we  have 

M.  v..  P.  isothermal  28.80  pounds. 

,,,    '1  ..     ,.  'Tea  of  card  X   spring        -^^    t-    ,, 

\\  e  know  that  ,       ,       '      *  =  M.  1',.  r. 

length 

-ri         i  M.  E.  P.  X  ienglli  •      .,       ^„^^    e8.8y  X  7 

1  heretore,  /^       •*      =  area,  or  m  the  case 

spring  ':< 

=  1 341  square  inches. 


.Vrea  Acliabatic  : 
"  Isoihcrmal 
"     Pump  card 


Fig.  7.     Di.\GR.\M  ok  .Mlitipi.e  hispi.ArKMKNT  I'LMi-  Using  Exp.nnsiox. 

The  card  being  lined  to  scjuare  inches  it  is  easy  to  add  up  the 
effective  area,  and  we  find  it  to  be  ^  +  3  +  ^  +  5  +  i— 7  X  i  —0.05, 
the  latter  being  the  area  K.  Q.  Y.,  or  18.15  —  7.05=  ii.i  net  area. 
The  curve  area  being  13.41,  the  efficiency  of  the  pump  =:  -'—  or 
82  per  cent.,  and,  for  the  efficiency  of  the  system  with  simple  com- 
pression, we  have  as  before,  adiabatic  area  18.66.  Tlie  work  area 
II.I  divided  by  this,  gives  59  per  cent,  efficiency  for  the  system. 
Allowing  for  it  the  same  ratio  of  losses,— viz,  7  to  9,  as  we  did  the 
Merrill,  we  have  59  X  ^=  "^^  =  45  Per  "nt.  net,  nearly  the  same 

figures  we  had  before. 

With  compound  compressor  I  should  look  for  50  per  cent. 
efficiency  in  this  system,  and  I  hope  the  suggestion  will  prove  in- 
teresting enough  to  encourage  some  one  to  try  it. 
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We  come  now  to  what  I  deem  the  most  interesting  and  useful 
class  of  compressed  air  pumps, — viz,  the  motor  displacement 
pumps,  using-  more  or  less  expansion,  otherwise  called  compound 
or  multi-cylinder  pumps. 

COMPOUND    OR    MULTI-CYLINDER    PUMPS. 

Judging  by  results,  these  are  very  little  understood,  even  by 
the  people  who  build  them,  so  far  as  their  use  of  compressed  air 
is  concerned.  The  general  idea  has  been  that  if  the  expansion 
of  air  produces  such  low  temperatures  that  it  frequently  freezes  a 
simple  pump  to  a  stop,  it  would  be  unwise  to  try  further  expansion 
in  a  compound  pump,  and  consequently  the  compressed  air  users 
have  practically  avoided  multi-cylinder  pumps. 

I  hope  to  show  that  even  a  triple  or  quadruple-cylinder  pump 
may  be  operated  not  only  safely  but  economically,  with  no  further 
addition  of  heat  than  that  supplied  by  the  water  itself. 

First,  however,  I  shall  speak  of  the  phenomenon  of  freezing. 
This  is  a  very  simple  matter,  easily  explained  and  easily  remedied. 
The  compressed  air,  being  used  at  full  pressure  in  the  pump  cylin- 
der, is  thus  exhausted,  and,  doing  its  expansion  work  within  and 
about  the  exhaust  ports,  reduces  their  temperature  until  ice  is 
formed  in  the  exhaust  and  finally  closes  the  opening.  I  believe 
the  action  to  be  cumulative  and  on  the  principle  used  in  making 
liquid  air,  for  I  have  noticed  that  when  once  the  pump  cylinder  be- 
comes quite  cold  the  choking  proceeds  more  rapidly.  The  colder 
the  air  previous  to  exhaust,  the  colder  will  be  the  exhaust,  which 
in  turn  makes  the  cylinder  colder  and  thus  the  cumulative  action 
goes  on  rapidly.  I  have  heard  that  makers  have  advised  short  ports 
and  conically  tapered  ones,  with  no  threads,  to  avoid  freezing.  I 
have  seen  pumps  with  steam  injected,  pumps  with  fires  under  them 
and  pumps  submerged  in  a  tank  of  water,  all  in  order  to  avoid  the 
freezing.  Where  it  is  not  desirable  to  reheat  pumps  with  steam 
or  hot  air,  there  are,  to  my  mind,  two  simple  methods  of  avoiding 
freezing;  first,  tap  the  discharge  main  with  a  quarter-inch  pipe, 
draw  down  the  end  of  this  pipe  until  the  hole  is  of  the  size  of  a 
knitting  needle,  introduce  this  small  pipe  well  into  the  exhaust  of 
the  pump  and  let  a  small  amount  of  water  continually  discharge 
therein.  It  will  keep  the  temperature  of  the  metal  above  freezing- 
point  and  thus  prevent  freezing.  The  loss  of  water  is  very  small. 
A  pump  doing  lo  horse  power  actual  work,  using  250  cubic  feet  of 
free  air  weighing  about  20  pounds,  would  use,  I  should  judge, 
about  10  to  12  pounds  of  water  per  minute,  or  i^  gallons  would 
be  ample  for  the  work.     Or,  if  it  is  not  desirable  to  waste  this  water. 
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exhausting  tlirough  a  coil  of  ihin  pipe  placed  in  a  cliamber,  tiirough 
which  the  suction  or  discharge  water  circulates,  will  furnish  to  the 
expanding  air  heat  enough  to  prevent  freezing. 

The  second  nietliod  for  preventing  freezing  would  be  to  use 
compound  pumps,  properly  arranged.  This,  you  will  note,  is  ex- 
actly contrary  to  the  generally  accepted  practice.  Inasmuch,  how- 
ever, as  a  compound  pump  is  in  no  wise  different  from  two  simple 
pumps  having  the  same  sizes  of  cylinder  and  using  the  same  pres- 
sures, and  inasmuch  as  the  temperature  drop  on  the  initial  cylin- 
der is  about  one-half  that  of  an  equivalent  simple  pump,  it  is  evi- 
dent that  it  will  not  freeze,  and,  if  the  exhaust  be  carried  through 
a  copper  coil  over  which  the  water  being  pumped  flows  freely,  the 
air  will  become  of  about  the  same  temperature  as  the  water,  and  it 
will,  thus  reheated,  pass  to  the  compound  cylinder  at  the  same 
temperature  as  it  entered  the  initial  cylinder,  and,  passing  from  this 
cylinder,  it  will  exhaust  without  freezing, and  the  pumping  economy 
will  be  advanced  30  per  cent,  or  more.  Each  cylinder  would  thus 
dispose  of  about  half  the  temperature.  If,  however,  no  water 
heater  was  introduced  between  the  cylinders,  the  initial  cylinder 
would  discharge  the  air  at  large  temperature  drop  into  the  second 
cylinder.  This  gives  a  cumulative  effect  to  the  cooling  at  the 
exhaust  of  the  second  cylinder  and  rapid  freezing  up  would  result. 
This  has  led  every  one  to  believe  compound  pumps  impractical  for 
cold  air,  but  by  the  introduction  of  the  water-heated  coil  between 
the  cylinders,  without  cost  for  heat  units,  the  compound  pump  will 
not  freeze  and  will  be  more  economical. 

It  is  evident  that  the  lower  the  ratio  of  pressures  the  less  the 
ratio  of  temperatures  and  consequently  the  less  liability  to  freezing. 

To  return  now  to  the  compound,  direct-acting  pumj). 

Compound  pumps  of  the  better  class  can  be  given  a  mechani- 
cal cfficiencv  of  70  per  cent.,  which  covers  losses  in  the  air  and 
water  cylinders  and  the  friction  in  the  pipes,  with  an  allowance  for 
dynamic  head.  Their  economy  depends  upon  the  character  and 
amount  of  the  reheating  applied  to  the  air. 

There  are  four  general  classes: 

1.  Reheating  with  the  water  pumped. 

2.  Extraneous  heating  before  the  initial  cylinder. 

3.  Extraneous  heating  before  the  compound  cylinder. 

4.  Extraneous  heating  before  both  cylinders. 

In  the  first  class  for  mine  pumping  the  temperature  of  the 
water  may  be  generally  assumed  to  be  60°,  and  the  heater  is  a  shell 
filled  with  copper  tubes  and  preferably  made  a  part  of  the  suction 
pipes,  the  water  flowing  around  the  tubes  through  which  the  air  is 
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exhausted  from  the  first  cyHnder  to  the  second.  A  steam  heater, 
of  the  Waimvright  type,  gives  the  idea,  and  about  one  square  foot 
should  be  allowed  to  every  five  cubic  feet  of  free  air.  As  stated 
before,  its  action  is  to  restore  to  normal  temperature  the  com- 
pressed air  exhausted  from  the  initial  cylinder,  thus  delivering  it  to 
the  second  cylinder  at  the  same  temperature  as  to  the  first,  just  re- 
versing the  action  of  the  inter-cooler  during  compression,  and, 
inasmuch  as  the  cylinders  use  the  air  at  practically  full  pressure,  the 
expansion  takes  place  in  the  reheater.  The  diagram,  Fig.  8.  shows 
what  takes  place  as  far  as  economy  is  concerned.  B,  C,  D,  E,  is 
taken  at  70  per  cent,  of  the  volume  furnished  to  the  pump  to  cover 
the  mechanical  efificiency.  This  expands  2.65  times  (when  the 
initial  pressure  is  90  pounds)  in  the  reheater  and  F,  E,  H,  G,  is  the 
volume  given  the  second  cylinder.     The  areas  ^  0.7  X  (7  —  2.65) 


/ 

/ 

V 

It 

y    ^ 

^    1.85 

"  ' 

Fig.  8.     Diagram  of  Compound  Pump.     Water  Reheated. 

=  0.7  X  4-35  =  3-045  +  (1-855  X  1.65)  =  3.06  =  6.1  square 
inches.  It  will  be  noted  that  the  work  in  both  cylinders  is  alike — • 
— — .  =  32.7  per  cent,  against  19  per  cent,  that  we  figured  by  the 
same  method  for  the  simple  pump.  This  is  a  very  large  gain  and 
it  costs  nothing  to  maintain  it,  the  first  cost  of  the  heater  being 
small.  I  cannot  conceive  of  a  more  forcible  argument  in  favor  of 
compound  pumps. 

For  compound  compression  this  efficiency  will  be  increased 
to  37.5  per  cent.  If  our  simple  pump  did  135  foot-gallons  of  work 
then  this  style  of  compound  will  give  135  X  "—  =  232  foot- 
gallons  for  a  cubic  foot  of  free  air  compressed  to  90  pounds  gage. 

In  compound  pumps,  where  we  have  extraneous  heating  pre- 
vious to  the  admission  of  the  air  into  the  initial  cylinder,  let  us  sup- 
pose the  heating  to  be  283°  F.  This  will  be  sufficient  to  increase  the 
volume  from  —  in  our  former  example  to  i,  in  other  words,  to  ofif- 
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set  all  tlio  mccliaiiical  losses  in  tlu-  puiiij).  and  the  itiiiial  cylinder 
will  1)0  full  of  air  at  yo  pouiuls  and  743°  absolute  or  283°  F.  When 
the  air  is  exhausted  from  this  cylinder  into  the  low-pressure  cylin- 
der there  is  an  expansion  ratio  of  2.65  between  the  cylinders,  pro- 
vided there  is  a  small  receiver  between  the  two  cylinders;  the  tem- 
perature will  drop  a  ratio  of  1.32,  or,  considerinj^  the  losses  of  radia- 
tion, will  reach  60^  again  and  will  enter  tlie  low-pressure  cylinder 
in  precisely  the  same  condition  as  in  the  former  case,  and  with  the 
same  volume.  Consequently  we  have  no  gain  in  tliis  way  of  re- 
heating, except  ff)r  the  initial  cylinder,  unless  the  heating  be  car- 
ried so  that  the  cylinder  will  receive  it  at  more  than  283',  which 
might  not  be  practical.  Referring  to  our  last  diagram,  Fig.  8,  we 
note  that  we  have  added  the  area  I.  B,  D,  J,  to  our  economy  dia- 
gram, and  the  diagram.  Fig.  9.  is  the  result.     The  area  of  useful 


Fig.  9.     CoMroiNi)  Direct. \(-ting  Pimp.     Rehe.\tei)  to  300°  before  the 

Initial  Cylinder. 

work  will  be  i  X  4-35  +  3o6  =  7.41,  and,  the  compression  area 
being  18.66,  the  efficiency  is-^^"I^J,  =  40  per  cent.,  against  32.7  per 
cent,  in  the  former  case,  and  for  compound  compression  this  will 
be  46  per  cent.,  and  the  foot-gallons  of  work  will  be  280  for  each 
cubic  foot  of  free  air  compressed  to  90  pounds  gage. 

If,  however,  there  be  a  reheating  between  the  two  cylinders  to 
283°  F.,  then  the  volume  entering  the  low-pressure  cylinder 
will  be  increased  about  1.43  per  cent.,  and.  instead  of  1.85  per  cent., 
as  on  the  former  diagram,  it  will  become  2.65  per  cent,  and  will 
occupy  the  area  shown  as  K,  E,  II,  L  in  diagram,  Fig.  10. 

The  useful  area  in  this  card  will  be  4.35  -\-  4.35  =  S.y.  It 
will  be  noted  that  the  work  is  the  same  in  both  cylinders  and  the 
final  efficiency  will  be  ^  =  46  per  cent.     If  compound  compres- 

16 
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sion  is  used  it  will  become  53  per  cent.,  and  the  foot-gallons  of  work 
it  will  perform  will  be  326. 

It  will  be  noted  that  the  points  K  and  L  are  on  the  isothermal 
curve,  which  means  that  we  have  utilized  completely  the  full  pres- 
sure work  within  the  isothermal  curve,  using  two  expansions,  and 
if  three  cylinders  be  used  and  proportioned  by  the  same  rule,  we 
make  a  still  further  gain,  as  per  diagram,  Fig.  11,  giving  54  per 
cent,  for  simple  compression  and  62  per  cent,  for  compound  com- 
pression. The  foot-gallons  of  work  it  will  perform  will  be  383. 
These  figures  are  perfectly  practical  and  rather  under  the  mark. 

It  is  easy  to  see  that  more  cylinders  would  add  to  the  economy, 
but,  inasmuch  as  three  are  practical  and  four  are  too  many,  we  may 
as  well  stop  here.  For  higher  economy  on  this  system  the  re- 
heating must   be   carried   higher,   inasmuch   as   400°   is   perfectly 


.1 

' 

1 

85  ' 

V               Y 

H.  P.  area,  3.32 
Int.  "  3-37 
Low       "       3-3^ 


Fig.  10.  Compound  Direct-Acting 
Pump.  Reheated  to  300°  before 
Initial  and  Low-Pressure  Cylin- 
der Using  Fuel  Pressure  Only. 


Fig.  II.  Three-Cylinder  Reheated 
Compound  Pump.  Using  Full 
Pressure  Only. 


practicable  and  as  easy  to  obtain  as  300°.  This  would  add  16 
per  cent,  to  our  area  and  give  63  per  cent,  and  72  per  cent.,  respec- 
tively ;  our  foot-gallons  of  work  would  be  444  foot-gallons,  and  the 
dotted  lines  on  the  diagram  will  represent  the  shape  of  the  card 
and  show  how  it  may  extend  over  the  isothermal  curve.  This  I 
call  the  practical  limit. 

We  have  seen  that  a  cubic  foot  of  free  air  at  90  pounds  pres- 
sure will  perform,  under  proper  conditions,  444  foot-gallons  of 
work.  This  is  3685  foot-pounds,  which  may  be  decreased  5  per 
cent,  on  account  of  the  cost  of  reheating,  making  net  3500  foot- 
pounds of  work.  On  account  of  the  70  per  cent,  efificiency  of  the 
compound  pump,  we  gave  it  one  cubic  foot  of  free  air  in  our  cal- 
culation and  called  it  -^ .     The  air  itself  must  be  given  credit  for 
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this,  ami  ii.  ii\  the  jt)  per  cent,  efticicncy  i-ninii.  it  did  3500  foot- 
pounds of  work,  it  really  was  yielding  up  "^^  foot-pounds. 

it  takes  5600  foot-pounds  of  work  to  compress  this  air  in  a 
compound  compressor.  The  air  has  therefore  shown,  in  its  work, 
an  etHciency  of  90  per  cent,  as  a  motive  power,  at  90  pounds  pres- 
sure in  triple,  compound,  tlircct-acling  pump  cylinders,  triple  re- 
heated to  300",  a  result  eiuirely  different  from  what  we  are  in  gen- 
eral almost  forced  to  Relieve. 

Figs.  12  and  13  show  two  actual  cards  illustrating  the  princi- 
ple of  full  pressure  working.  It  will  be  noted  that  the  expansion 
shown  is  small,  and.  if  the  reheater  had  a  little  larger  capacity,  the 
diagram  would  be  rectangular. 

JiLV  30.  1900.    Te.mpkratirks. 

Between  healer  and  throttle.  248^  Air  K«ge.             70  Lbs. 

throttle  ami  H.  P.  cylinder.  aoo°  Water  gaKC.     160    "•                        N".  i.; 

Kxhaust  H.  P..  yi'^  Stroke.                  I4«  J-l>s.            W.  H.  P    M    K. 

Inlet  L.  P..  289°  Revs.  p.  m..        ai                               Siuiiijc  |o. 

Exhaust  I-.  P..  ijt"  H.  P.  cylinder.    16  inches. 


- 

Jllv  30, 1900.    Tkmpkraturks. 
Between  heater  and  throttle, 

throttle  and  H.  P.. 
Exhaust  H.  P.. 
Inlet  L.  P., 
Kxhaust  1..  P.. 

Fig. 

3J0° 

j8,° 
'33'' 

12. 

Air  (fade. 
Water  Kajt' . 
Stroke 
Revs.  i».  m.. 
L.  P.  cylMidi 

.    .                                  -^ 

7i  I.I.S. 

tto    "  No.  i( 

i4«  l.l>s.  W.  I..  P   P.  K 

aj  Spring  it. 


Fig.   13. 

I'nfortunately.  at  the  time  these  cards  were  taken,  the  pump 
w?.s  throttled,  and  tlie  air  was  drawing  from  70  pounds  t»)  50 
pounds,  so  that  its  efficiency  is  diminished.  The  pump,  however, 
was  delivering  3(/)  gallons  per  minute  3i;o  feet  high,  consuming 
600  cubic  feet  of  free  cold  air  at  50  juninds  pressure,  and  giving 
250  foot-gallons  per  cubic  foot  of  free  air,  at  50  pounds  pressure, 
with  an  efficiency,  referred  to  50  pounds,  of  65  per  cent.:  referred 
to  70  pounds,  of  52  per  cent.:  the  total  energy,  from  70  pounds  to 
50  pounds,  beinglost  in  the  throttling  ..f  the  pump.  It  illustrates, 
however,  our  proposition  and  confirms  our  figures. 

It  seems  to  be  generally  believed  that  the  best  result,  in  com- 
pound pumps  using  compressed  air.  is  obtained  when  we  get  as 
much  expansion  within  the  cylinders  as  is  possible,  and  the  highest 
efficiencv  which  couhl  be  obtained  in  this  manner  would  be  when 
then-  i^  no  drop  whatever  between  the  high  and  low-pressure  cylin- 
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der,  and  the  air  is  expanded  to  atmosphere  in  the  low-pressure 
cylinder  as  shown  by  the  ideal  card,  Fig.  14.  This  would  require 
heating-  to  454°  F.,  the  temperature  of  adiabatic  compression. 

The  practical  action  of  a  once  reheated  compound  pump  is  as 
follows :  The  air  enters  the  high-pressure  cylinder,  we  will  say,  at 
a  temperature  of  200°,  and  at  100  pounds  pressure.  This  air 
operates  at  full  pressure  throughout  'the  whole  stroke,  and  there  is 
no  drop  wha'tever  in  its  temperature;  the  exhaust  valve  opens,  there 
being  a  considerable  space  between  the  high  and  the  low-pressure 
cylinder  (in  the  shape  of  pipes  and  clearances,  and,  if  there  be  an 
intermediate  reheating,  in  the  additional  space  for  the  reheater)  ; 
the  pressure  immediately  drops,  we  will  say,  to  50  pounds,  and  the 
temperatures  suffer  in  adiabatic  proportion  to  the  absolute  pres- 
sures. 


Fig.    14.     Ideal  Compound  Card.     Air  Heated  to  454°   F. 


This  expansion  from  100  pounds  to  50  pounds  does  no  work 
whatever  and  is  entirely  lost.  The  volume  of  air  shrinks  in  propor- 
tion to  the  absolute  temperature,  and  then  passes  into  the  low- 
pressure  cvlinder  and  immediately  commences  to  expand  therein 
as  the  piston  commences  to  move.  Here  will  be  a  case  of  adia- 
batic expansion,  for  the  temperature  in  the  cylinder  must  drop  as 
the  pressures  drop,  and  the  expansion  takes  place  adiabatically  to 
the  end  of  the  stroke,  where,  with  a  terminal  pressure,  we  will  say, 
of  10  pounds,  it  drops  out  into  the  atmosphere  at  a  temperature 
probably  a  few  degrees  below  that  of  the  atmosphere. 

The  M.  E.  P.  of  the  expansion  from  50  pounds  down  to  say 
10  pounds  is  not  a  very  large  proportion  of  the  total  possible  ex- 
pansion work  of  the  air  from  100  pounds  down  to  10  pounds,  and 
this  is  still  further  reduced  by  the  fact  that,  while  we  have  the  ex- 
pansive work  in  the  low-pressure  cylinder,  we  have  also  a  variable 
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back  pressure  on  the  hij^li-pressurc  (.•yliutlcr,  which  im-aiis  an  un- 
cqual  load  on  the  piston  and  a  consequent  variable  speed. 

An  attempt  has  been  made  to  realize  the  work  of  expansion 
between  the  two  cylinders;  but.  owintj  to  the  natural  mechanical 
construction  of  the  pump,  it  is  impossible  to  realize  but  a  small 
part  of  it,  and  I  believe  the  correct  method  of  operating  these 
pumps  is  to  do  all  the  expanding  between  the  cylinders,  restore 
the  volume  by  reheating  and  use  only  full  pressure  in  the  cylinders. 
We  thus  avoid  any  temperature  drops  in  the  cylinders  and  we  have 
a  constant  pressure  therein,  and  a  consequent  constant  speed  and 
constant  back  pressure. 

In  a  compound  pump  the  proportion  of  the  low-pressure  cylin- 
der to  the  high  will  be  larger  than  what  is  in  use  at  present,  for  the 
low-pressure  cylinder  will  be  operated  at  its  terminal  pressure 
throughout  the  stroke.  In  other  words,  the  card  will  be  rectangu- 
lar. 

^\'e  believe  that,  instead  of  using  two  cylinders,  with  a  greater 
ratio  of  area,  it  would  be  better  to  use  three  cylinders  and  so  to 
proportion  the  area  between  them  as  to  have  the  terminal  pres- 
sure desired.  In  this  way  the  drop  between  the  cylinders  will  be 
small,  and  the  opportunity  to  take  advantage  of  double  heating 
considerable.  The  ideal  situation,  theoretically  speaking,  would 
be  w  here  a  large  miniber  of  cylinders  are  in  operation,  one  after  the 
other,  Avith  only  a  sufficient  drop  between  them  to  give  them  the 
necessarv  dvnamic  head.  The  combined  card  would  then  repre- 
sent a  series  of  steps  considerably  overlapping  any  possible  card 
that  could  be  made  by  an  adiabatic  expansion. 

If  it  were  possible  ordinarily  to  expand  without  drop  from  the 
initial  pressure,  there  would  be  no  criticism  of  ordinary  methods; 
but,  inasmuch  as  a  drop  nuist  be  made,  the  question  naturally 
arises,  Is  it  not  better  to  make  the  complete  drop  and  take  advan- 
tage of  the  situation  when  the  drop  occurs,  an  advantage  which 
is  neglected  when  a  combination  is  made  of  half  drop  and  half 
expansion?  The  Comstock  offers  every  possible  opportunity  for 
this  kind  of  a  proposition.  The  temperature  of  the  water  is  120°, 
and  the  pump,  the  water,  the  intercoolers.  the  air  and  everything 
will  always  be  at  that  temperature,  except  if  the  air  expands  in  any 
one  of  the  cvlindcrs.  It  is  well  known  that  air  is  such  a  poor  con 
ductor  of  heat  that  no  matter  if  the  cylinder  walls  be  hot  it  will  drop 
its  temperature  in  expanding.  In  other  words,  the  expansion  in 
the  cylinders  would  be  adiabatic;  whereas,  if  a  complete  drop  is 
made  and  the  temperature  restored  between  the  cylinders,  and  if 
then  it  is  used  in  the  cylinders  at  full  pressure  throughout  the 
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stroke,  it  will  approach  nearer  an  isothermal  expansion  for  the 
air  than  any  other  kind  of  a  practical  method  with  direct-acting 
pumps. 

The  economical  expansion  of  air  must  ever  be  the  exact  re- 
verse of  the  economical  compression  of  air,  and  the  ideal  air  com- 
pressor would  be  one  of  many  stages  with  a  small  rise  in  pressure 
between  each  two  stages,  just  sufficient  to  keep  the  air  moving, 
and  an  intercooler  to  take  out  this  small  increment  of  heat  between 
every  two  stages,  making  a  practically  rectangular  card  between 
each  two.  The  natural  reverse  of  this,  for  the  economical  expan- 
sion of  air,  would  be  a  multitude  of  cylinders,  with  sufficient  drop 
between  each  two  to  maintain  a  circulation  of  the  air,  and  a  re- 
heater  between  each  two  cylinders,  making  a  practically  rectangu- 
lar card  for  expansion  in  each  cylinder. 

As  illustraiting  the  principle  which  I  advocate,  attention  is 
called  to  Fig.  15,  showing  two  diagrams  from  a  compound  pump, 
reheated  before  the  initial  cylinder  to  165°  F.  This  pump  is  doing 
fair  work,  raising  450  gallons  per  minute  424  feet  high.  It  re- 
ceives air  at  63  pounds  gage  and  165°  F.,  takes  air  at  practically  full 

Air  165°.  No  reheating. 

I 


Fig.  15.    Cards  from  Compound  Pump  14"  -f  24".    Cylinder  Heated  to  165° 
BEFORE  Initial  Cylinder. 

stroke,  exhausts  into  the  pipe  connecting  the  two  cylinders,  drops 
to  35  pounds  gage  and  gradually  expands  as  back  pressure  against 
the  high-pressure  piston,  until  12  pounds  is  reached.  The  low- 
pressure  piston  receives  the  pressure  at  27^  pounds  and  the  air  is 
expanded  to  11.5  pounds.  It  then  exhausts,  against  2  pounds  back 
pressure,  into  the  atmosphere. 

Assuming  the  volume  of  the  high-pressure  cylinder  to  be  one 
cubic  foot  and  having  no  clearance,  etc.,  inasmuch  as  we  are  about 
to  make  a  comparative  statement,  we  find  that  the  work  on  the 
high-pressure  piston  is  6797  foot-pounds  and  on  the  low-pressure 
piston  1 581  foot-pounds,  a  total  of  8378.5  foot-pounds. 

Let  us  consider  another  method.  If  we  use  the  pressure  at 
63  pounds  on  the  same  high-pressure  piston  and  let  the  exhaust 
make  a  complete  drop  to  11.5  pounds,  the  work  on  the  high-pres- 
sure piston  will  be  7416  foot-pounds,  and  if  we  reheat  in  the 
receiver  to  165°  and  construct  the  low-pressure  cylinder  of  such  a 
size  that  after  receiving  the  air  at  11^  pounds  it  will  exhaust  at  2 
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pounds,  thus  prcsorviu};-  the  rchiliuu  of  the  previous  problem,  the 
cyhiicler  ratio  will  he  3.0^)  and  the  work  (tu  the  low-pressure  cylin- 
der becomes  4186  foot-pounds,  makiii}^^  a  total  of  ii,(jo2  foot- 
Iiounils,  or  a  pain  of  40  per  cent,  again. 

Suppose  we  make  it  a  triple-cyliniler  pump,  make  each  cylin- 
iler  do  the  same  work,  reheat  to  165'  bcft)re  each  one  and  use  the 
same  2  pounds  back  pressure,  then  the  initial  cylinder  Avill  take  the 
pressure  at  63  pounds  and  do  4550.4  foot-pounds,  the  intermediate 
will  take  the  pressure  at  31  pounds  and  do  4450.4  foot-pounds  of 
work,  and  the  low-pressure  cylinder  will  take  the  pressure  at  12.4 
and  do  4550.4  pounds  and  will  exhaust  at  2  pounds  back  pres- 
sure, making  a  total  of  13,651  foot-pounds,  or  a  gain  of  64  per  cent. 

The  pmnp  is  now  doing  about  220  foot-gallons  of  work.  If 
we  add  64  per  cent,  to  this  Ave  will  have  360  foot-gallons.  We 
claimed  383  in  our  former  diagrams,  for  higher  reheating,  which 
checks  results  quite  nicely. 

The  cylinder  ratio  in  the  foregoing  will  be,  for  equal  work  in 
the  cylinders,  the  cube  root  of  ratio  between  initial  and  absolute 
pressures,  1.7,  making  the  pressure  63,  31  and  12.4,  respectively. 
The  atmospheric  pressure  was  13.5  pounds. 

Your  attention  is  particularly  called  to  the  difference  bet^veen 
steam  and  air  practice,  for  here  is  a  triple  expansion,  so  called, 
operating  with  63  pounds  initial  pressure  properly.  The  number 
of  cylinders  that  could  be  properly  used  will  have  to  be  determined 
bv  practice,  the  limit  being  when  their  mechanical  deficiency  offsets 
their  economy. 

Tlvere  are  many  places  where  it  would  be  inadvisable  to  use 
fire  or  steam  for  reheating,  on  account  of  heat  or  annoyance  or 
expense,  and  it  is  in  such  situations  that  what  I  term  a  water  re- 
heater  will  supply  enough  heat  units  to  render  the  pumping  eco- 
nomical. A  general  illustration  of  this  is  given  in  Fig.  16.  which 
shows  how  the  suction  water  may.  in  passing  around  corrugated 
copper  tubes,  render  valuable  service  in  heating  the  air. 

In  actual  practice  the  difference  in  the  revolutions  of  the  com- 
pressor, to  do  the  same  work,  speaks  innnediatcly  for  the  economy 
of  the  apparatus.  In  pumping  muddy  water  through  the  rehcater 
the  deposit  of  mud  <>n  the  tubes  could  be  readily  noticed  by  the 
increased  air  consumption.  It  is  very  evident  that  the  more  air 
cvlinders  on  a  pump  the  less  drop  in  pressure  will  be  made  from 
one  cvlinder  to  another,  and  consequently  less  dropping  of  tem- 
perature. It  is  for  this  reason  that,  in  a  multi-cylinder  pump,  water 
at  ordinary  temperatures,  acting  through  a  number  of  cylinders, 
will  yield  up  as  many  and  perhaps  more  heat  units  for  useful  work 
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than  a  high  temperature  reheating  before  the  first  cylinder.  It 
gives  more  time  for  convection,  and  with  air,  which  is  a  poor  con- 
ductor, time  is  required. 

Referring  to  our  last  example,  using  three  cylinders,  it  is 
evident  that  if  the  water  was  at  60°  F.  and  if  the  air  was  delivered 
to  each  cylinder  at  60°  F.,  the  only  difference  in  results  would  be  the 
increased  volume  due  to  the  higher  temperatures.  This  we 
counted  as  ^.  Deducting,  therefore,  20  per  cent,  from  13,651  foot- 
pounds, we  have  10,921  foot-pounds,  which  would  be  accomplished 


Fig.   16.     Rix  Compressed  Air  Heater,  Using  Water  Being  Pumped. 

on  the  water-heating  plan,  which  is  more  than  was  accomplished 
by  heating  the  initial  cylinder  of  a  compound  pump  to  165°. 
Please  note  that  this  heating  costs  nothing  and  that  the  extra  cost 
of  the  pump  should  not  be  considered.  If,  by  water  reheating,  a 
triple  cylinder  pump  will  do  300  foot-gallons  per  minute,  the  cost 
for  pumping  water  would  be  one-half  what  it  would  in  an  ordinary 
direct-acting  pump,  which  power  saving  -would  of  itself  soon  pay 
the  cost  difference. 
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COMBINATION    OF   DISl'LACKMKNT    AND    AIK-MI-T. 

It  seems  proper,  uiuler  the  liead  of  air-lift  pump,  to  speak 
of  the  Wheeler  pneumatic  pump,  which  is  a  comhination  of  dis- 
placement and  air-lift,  and  can  ho  used  in  places  where  there  is  no 
projuT  suhnuTsion   for  the  air-lift.      In   fact,  tlu-  sxstcm  might  be 


Fig.  17.    A  is  Displacement  Chamber  Raising  Water  to  C.  when  Air 
FROM  Pipes  at  B  Completes  the  Lift. 

called  an  air-lift  system  with  artificial  submersion,  shown  generally 
in  Fig.  17. 

The  pump  has  two  displacement  chambers  and  an  automatic 
valve  attached,  as  in  the  Merrill  pump,  and  the  displacement  action 
takes  place  similarly,  one  chamber  filling  while  the  other  empties. 


202  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

The  exhaust  being  into  the  atmosphere,  the  expansive  work  of  the 
air  is  lost.  The  Merrill  pump  discharges  from  the  chambers 
directly  to  the  final  point  of  delivery,  while  the  Wheeler  pump 
keeps  the  discharge  pipe  filled  with  water  at  a  certain  height,  and 
an  air  jet  at  its  lower  extremity  air  lifts  this  water  to  the  final  de- 
livery. H.  C.  Behr,  Esq.,  tested  this  pump  during  last  year,  and 
his  conclusions  in  his  report  are  as  follows:  That  the  efficiency  of 
the  machine  as  tested  is  such  as  to  compare  not  unfavorably  with 
the  ordinary  steam  or  air-driven  direct-acting  pumps  of  moderate 
size  as  underground  in  mines;  that  the  operating  expense  could 
generally  be  expected  considerably  lower  than  for  such  pumps,  on 
account  of  slight  cost  for  repairs  and  replacement  of  worn  parts; 
that  it  should  require  less  skill  and  experience  to  operate  and  main- 
tain this  pump  than  a  direct-acting  pump.  The  efficiencies  found 
might  be  somewhat  increased  in  cases  where  a  very  efficient  com- 
pressing plant  is  available.  The  efficiency  will  not  compare  favor- 
ably with  high-class,  air-driven  compound  pumps  reheated.  The 
objection  to  the  pump  is  that  it  is  not  capable  of  raising  the  water 
by  suction  and  is  thus  incapable  of  charging  itself.  It  must  be 
submerged,  or  the  supply  must  be  higher  than  the  water  chambers. 

This  method  of  pumping  permits  the  displacement  to  take 
place  with  low  pressures  and  thus  adds  to  the  efficiency. 

Table  I\'  accompanies  Mr.  Behr's  report. 

Test  Xo.  21  shows  the  highest  efficiency, — viz,  33  per  cent. 
The  air  pressure  was  33.75  pounds,  work  done  4  horse  power, 
water  lifted  1271  pounds,  quantity  of  air  y.y^  pounds  per  minute. 
Comparing  this  with  the  results  obtained  in  the  discussion  of  air- 
lift and  simple  displacement  pumps,  we  have:  Air  pressure,  33.75 
pounds;  10  per  cent,  for  dynamic  head,  e(|uals  30  pounds  for  active 
pressure.  The  equivalent  head  is  70  feet,  consequently  the  water 
will  stand  70  feet  in  the  discharge  pipe  and  the  air-lift  will  be  35 
feet,  giving  a  submersion  of  2  to  i,  and  air-lift  pressure  of  3-3.75 
pounds. 

Referring  to  the  tables  of  air-lift  experiments,  we  find  that 
2  cubic  feet  of  air  to  i  of  water  will  do  the  work.  Practically  20. 
cubic  feet  were  lifted,  making  40  cubic  feet  of  air  required  at  33.75 
pounds  pressure,  or  4.8  horse  power.  The  displacement  of  20 
cubic  feet  of  water  at  30  pounds  required  22  cubic  feet  of  air  at 
33.75  pounds  pressure.  Allowing  10  per  cent,  clearance,  which 
was  72  cubic  feet  of  free  air,  this,  at  12  horse  power  per  100,  equals 
8.64  horse  power.  8.64  -|-  4.8  =  13.44  horse  power,  ahiiost  iden- 
tical with  results  shown  in  the  table. 

There  can  be  no  question  that  the  economy  of  this  system 
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could  be  greatly  enhanocd  by  ws'rn^  the  expansive  f»»rcc  of  the  air 
that  is  lost  in  exhausting  from  the  displacement  chambers,  and  one 
of  the  easiest  means  of  doing  this  is  on  the  principle  which  I  sug- 
gested for  the  multi-stage  displacement  pump,  as  illustrated  in 
Fig.  6. 

TAIUI.    I\, 
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By  H  C.  Bchr. 
IX.       \ 


Lbs.  per 
Sq.  In. 


14 
13 
2 
12 
21 

15 
I 

6 

3 

22 
20 

4 
17 

9 
10 
18 
II 
»9 

7 
S 


4J 


3'> 

39 

34-5 

34-5 

33-75 

33  5 

33 

30.375 

29.5 

29.25 

29.125 

27.25 

24.125 

24.125 

23- 75 
19.625 

195 
19-375 

TO 


12.27 
12.05 

9-137 

13.106 

9.079 

7.78 

11.02 

13-687 

5-77 

13.06 

9.81 

7.65 

13.8 

lo.oS 

5-34 
10.12 

7  39 
9-397 
7.6 
o.-S 


1,97' 
1,948 
1,481 
1,888 

1.423 
1,271 
1,716 
1.935 
785 
1.668 
1,426 
1,102 

iM3 
1,160 

730 

^^^33 

608 

834 
626 
8i;6 


18 

6.271 

18.5 

6.198 

15-5 

4.712 

17 

6.007 

15 

4.528 

12-75 

4-033 

16.25 

5.46 

18 

6.158 

8.2 

2.497 

5  309 

14-5 

4-^86 

11 

3.506 

»5-5 

5.196 

13    •' 

3-69 

7-75 

2-323 

11 

3.605 

6 

1.935 

8.25 

2.654 

8.5 

1.992 

7.8 

2.724 
111.} 

42.48 
41.75 

44 
41.91 

4552 

48.09 

46.04 

42.08 

42.8 

40.56 

44.86 

46.12 

39-33 

39-84 

50. 1 5 

40-43 
33-54 
36-35 
33-89 
.16.35 
24.14 


69.4 
70.6 
70.6 
73-3 
73-3 
73-8 
73-9 
74-2 
75-8 

76-3 
76.5 

76-7 

78 

79-5 

79-5 

70.8 

82.2 

82.3 

82.4 

«2.6 

85 


25.02 

25.06 

2505 

24-74 

26.4 

17.84 

26.08 

23  03 

28.36 

15.1^) 

30. « 7 

«3-3" 

29.9 

18.26 

26.53 

23.21 

274 

0.11 

26.3 

2P.I8 

29.24 

«5 

29.9 

11.72 

26.07 

"'  ">3 

29.9 

•3  7' 

33-'> 

6.85 

274 

«3  «5 

234 

8.22 

25-4 

10.05 

23-7 

8-4 

25- 5 

lo.b? 

17  44 

6.3<> 

Coliiinn  pipe,  4  inches  diameter. 
Lift,  105  feet. 

Note.  —Test  No.  16  v%-as  thrown  out  on  account  of  umcrtninty  ot  speed  counter  ob»cr\  alioii 


CUMMINGS  OR  TWO-PIPE  SYSTEM. 

This  is  a  simple  system,  compressing  the  air  to  a  high  pres- 
sure, say  200  pounds  per  square  inch,  and  exhausting  it  back  from 
the  motor  at  lOO  pounds  per  square  inch,  the  idea  being  that  full 
pressure  motions  are  more  economical  the  nearer  we  approach  high 
pressures.     For  instance,  from  o  to  lOO  pounds  we  observe  quite 
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an  extended  compression  curve,  while  from  800  to  900  pounds 
there  would  practically  be  no  curve,  but  simply  full  pressure  work, 
the  part  one  wishes  to  utilize  in  direct-acting  pumps. 

In  card  No.  i.  Fig.  18,  the  compression  area  is  A,  B,  C,  F, 
only,  the  area  A,  F,  C,  H,  being  always  back  pressure.  The  area 
of  the  compression  is  therefore  8  square  inches,  the  work  done  is 
calculated  at  70  per  cent,  as  with  the  other  examples,  and  this  area 

will  be  3.04  +-o7^  =  38  per  cent.,  and  if  reheating  be  used  to  300° 

and  the  exhaust  be  cooled  ofif  before  returning  to  compressor,  the 
efficiency  will  be  50  per  cent.,  almost  double  the  efficiency  of  the 
ordinary  direct-acting  air  pump.  If  now  we  look  at  diagram  No. 
2,  where  we  compress  from  90  to  180  and  exhaust  at  90,  we  have  an 
efficiency  of  50  per  cent,  cold,  which,  by  reheating  to  300°,  would 

or  to  70  per  cent. 


be  increased  bv 


Fig.   18.     Diagram  Illustrating  the  Cummings'  System. 


These  percentages  are  probably  marred  by  frictions  and  leak- 
ages which  I  have  no  means  of  ascertaining,  but  I  should  judge  that 
these  could  be  kept  within  10  or  15  per  cent.,  making  the  simple 
pump  show  an  efficiency  of  probably  from  50  to  60  per  cent,  with 
compound  compression. 

These  pumps  can  also  be  compounded  with  considerable  gain, 
but  such  treatment  would  easily  form  the  subject  for  another  paper. 
I  cannot  understand  why  this  system  has  not  been  pushed  for  com- 
pressed air  station  pumping.  I  believe  it  will  be  very  satisfactory 
and  economical,  and  some  day  will  be  extensively  used.  It  has  one 
advantage  over  the  Harris  system,  inasmuch  as  the  back  pressure 
is  constant,  and  ordinary  pumps  may  be  operated  with  it.     The 
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principal  oljjcclioii  is  the  hij^h  pressure  ami  coiiscquciu  leakage, 
and  the  double  set  of  pipes  and  joints.  This  system  should  be  re- 
garded with  high  t'a\nr. 

AIK-I.IIT    rUMI'ING. 

While  the  air-lift  system  i)f  pumping  has  recently  been  brought 
to  the  attention  of  the  public,  it  is  not  a  new  thing,  th'-r.'  being 
records  of  its  use  more  than  100  years  ago. 

The  honor  of  putting  the  air-lift  system  in  practical  shape  is 
due  to  Dr.  Julius  I'ohle,  who  came  to  San  Francisco  from  Arizona, 
where  he  had  been  experimenting  with  several  plants,  one  with  a 
lift  of  300  feet.  Dr.  Pohle  established  himself  at  the  office  of 
Rix  &  Firth,  who  interested  themselves  to  the  extent  of  expending 
considerable  money  in  experiments  to  determine  the  efficiency  of 
the  system.  A  lo-inch  well  was  sunk  60  feet  deep  on  a  piece  of 
property  belonging  to  the  Mechanics'  Institute,  San  Francisco. 
The  bottom  was  cemented,  a  gallows  frame  75  feet  high  was  erected 
over  it,  and  a  tank  and  weir  constructed  over  the  well  to  measure 
the  water  flow.  Air  and  discharge  pipes  were  arranged,  so  that 
many  different  ratios  of  lift  and  submersion  could  be  tried.  The 
compressor  had  a  compound  air  cylinder,  actuated  by  a  Corliss 
engine  of  50  horse  power. 

The  well-known  civil  engineer,  Mr.  15.  M.  Randall,  conducted 
the  experiments,  and  they  were  made  on  August  2-,  1899.  The 
results  showed  efficiencies  as  high  as  52  per  cent. 

The  records  of  this  test  are  given  in  Table  \'.  They  are  of 
interest  as  forming  the  first  record  of  results  in  the  history  of  air- 
lift pumping. 

The  method  of  operation  of  the  air-lift  is  tiKD  well  known  to 
reciuire  description  here. 

Messrs.  Brown  and  Dchr  tested  the  experimental  plant  re- 
ferred to,  and,  in  a  paper  read  before  this  Society  in  1890,  stated 
that  the  greatest  efficiencies  were  obtained  when  the  submersion 
of  the  pipe  was  twice  the  lift,  and  with  this  submersion  an  effi- 
ciency of  50  per  cent,  was  obtained. 

Quite  extensive  experiments  have  been  made  in  Germany  to 
determine  the  efficiency  of  the  air-lift,  and  their  results  fall  some- 
what short  of  the  percentages  obtained  in  this  country.  The  effi- 
ciency was  the  ratio  of  work  in  discharged  water  to  the  indicated 
compressor  work  and  ranges  from  45  to  30  per  cent.,  with  smooth 
pipes— a  lift  of  50  feet,  and  a  submersion  of  from  4  to  3.  to  3  to  2. 

The  amount  of  water  discharged  increases  with  the  quantity 
as  well  as  with  the  pressure  of  the  air,  but  the  efficiency  falls  away 
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very  rapidly  when  the  output  is  forced.  A  submersion  of  50  feci 
and  a  height  of  discharge  of  25  feet,  witli  increasing  quantities  of 
air,  gave  cjuantitics  of  water  from  4  to  15  cubic  feet  per  minute. 
The  quantity  of  air  varied  from  76  to  105  cubic  feet  per  minute, 
and  the  ratio  of  free  air  to  the  water  Hi  ted  varied  from  1.96  to  7.6, 
the  efficiency  being  in  a  hke  jiroportion. 

In  another  set  of  experiments,  with  Hfts  from  43  to  230  feet, 
submersion  from  92  to  400  feet,  from  2.9  to  5  cubic  feet  of  air  was 
required  per  cubic  foot  of  water  pumped,  and  the  pressures  were 
from  30  to  160  pounds. 

Tlie  quantity  that  can  be  handled  is  practically  unlimited. 

It  is  safe  to  calculate  on  velocities  in  the  pipe  from  4  to  8  feet 
per  second,  and  it  will  take  from  2  to  3  cubic  feet  of  atmospheric 
air  per  cubic  foot  of  water  pumped  for  heights  from  15  to  50  feet, 
and  from  50  to  100  feet  I  should  figure  on  from  3  to  4  cubic  feet 
of  air  per  cubic  foot  of  water. 

I  believe  that  for  ver}-  low  heads  the  air  consumption  may  be 
still  further  decreased,  and  that  1.5  cubic  feet  of  air  will  lift  a  cubic 
foot  of  water  20  feet  high. 

Engineering  Nczi's,  Vol.  XX\  II.  page  140,  gives  some  inter- 
esting data  on  air-hft  pumping  at  Rockford,  111. 

The  pumping  was  done  from  four  wells,  84  feet.  84  feet,  82.5 
feet  and  59  feet  from  surface  to  water  while  being  pumped  and  7^ 
additional  into  a  tank  with  an  air  pressure  of  76  pounds  per  square 
inch. 

fne  wells  were  close  together.  A  2i-inch  pipe  led  from  the 
reservoir  to  each  well  and  a  i|-inch  pipe  was  continued  in  the  well 
casing  with  225  feet  submersion. 

The  discharge  was  2,000,000  gallons  per  24  hours.  Iroiu  the 
steam  indicator  diagrams  it  appears  that  124  horse  power  was  used 
The  average  yield  was  1401  gallons  per  minute,  and  the  ii<'  u-.k 
done  was  24  horse  power  on  an  efficiency  of  20  per  cent. 

A  14  X  22  duplex  compressor  made  96  revolutions  lu  do 
the  work.  Tliis  would  give  about  600  cubic  feet  of  free  air. 
About  200  cubic  feet  of  water  were  pumped,  or  3  cubic  feet  to  i, 
a  result  which  represents  the  average.  The  efficiency  is  low  be- 
cause the  compressor  took  too  much  power.  In  a  compound  com- 
pressor 600  cubic  feet  of  air  should  be  compressed  to  76  pounds 
for  an  expenditure  of  not  more  than  100  horse  power.  This  would 
make  the  efficiency  about  25  per  cent. 

The  air  pressure  was  excessive,  and  this  was  due  no  doubt  to 
the  small  well  casing,  because  with  proper  well  pipes  50  pounds 
air  pressure  would  have  been  ample. 
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I  have  not  yet  succeeded  in  niaktiij,^  any  .c;cneral  rules  for  sizes 
and  capacities  for  air-lift  punipinj^.  Tliere  is  j^^enerally  a  surprise 
waiting-  for  us,  no  matter  what  we  do.  There  should  he  some  par- 
ticular relation  of  all  the  quantities  concerned  that  will  give  the 
best  results,  and  yet.  for  a  considerable  variation  either  way,  in  sub- 
mersion and  air  pressure,  the  iiu.uitity  of  water  will  remain  the 
same. 

The  relation  between  the  diameter  of  the  discliarge  pipe  and 
the  velocity  of  water  seems  to  be  a  delicate  one.  I  should  think 
that  5  feet  per  second  would  establish  a  good  proportion.  The 
air  pipe  must  be  large  enough  to  minimize  the  friction  loss. 

The  initial  air  pressure  will,  of  course,  be  that  due  to  the 
submersion,  and  will  decrease  after  the  discharge  begins,  until 
with  a  3  to  2  submersion  the  pressure  will  correspond  to  a  head  of 
about  one-half  the  submersion  plus  the  lift. 

In  flowing"  artesian  wells  the  best  results  seem  to  be  obtained 
by  giving  deep  submersion,  small  air  quantity  and  high  pressure. 

Sand  may  be  cleared  from  a  well  by  filling  the  air  reservoir 
with  air  at  a  high  pressure,  then  suddenly  releasing  it,  the  air  pipe 
having  first  been  given  quite  a  submersion.  The  sand  comes  out 
in  masses  and  can  be  seen  distinctly.  In  Fig.  19  one-half  the 
colunm  of  water  measured  over  100  feet  above  the  mouth  of  the 
well.  It  will  be  noted  that  about  20  feet  above  the  mouth  of  the 
well  the  water  seems  to  radiate  in  all  directions  from  one  center. 
It  would  seem  that  a  bubble  of  compressed  air  had  been  carried 
up  there  and  then  suddenly  expanded.  The  etlicicncy  of  the  air 
lift  naturally  increases  directly  in  proportion  to  the  temperature 
of  the  water. 

The  air-lift  has  a  special  field  of  usefulness  and  will  scarcely 
be  given  over  to  much  competition  with  other  pumps 

When  a  large  quantity  of  water  must  be  brought  out  oi  a 
small  casing,  no  other  method  would  be  so  satisfactory.  If  an 
artesian  well  fails  to  deliver  to  the  proper  point  by  a  few  feet,  no 
other  system  could  make  it  deliver  its  water  so  efficiently.  For 
example,  at  Alvarado  one  of  the  large  artesian  wells  refused  by 
about  two  feet  to  flow  into  the  general  cachement  basin.  Noth- 
ing could  be  done  but  pump  it,  and  this  would  rc<iuirc  a  centrif- 
ugal pump  capable  of  handling  ux»  gallons  a  minute  to  restore 
the  required  quantity.  A  one-inch  compressed  air  pipe  inserted 
155  feet  into  the  well,  and  consuming  6  horse  power  of  compressed 
air.  stimulated  the  well  to  complete  action. 

The  plain  open-air  pipe  seems  to  be  the  best  means  of  ending 
the  air  pipe  in  the  well  and  whether  it  point  up  or  down  is  not 
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fe    0 
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.    0 

in 
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U 

U 
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cd  o 
3  - 
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a 


0 

10 

p) 

*-* 
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TS 

T3 

<u 

v 

3 

3 

cr 

cr 

V 

<D 

e<  ^ 

(^    ^ 

.  > 

.    > 

Cu  "U 

Dh    "U 

.»! 

.Di 

E 

K 

60  TO  100  Lbs.  Pressure. 


o  q 


14 


12 

92 

108 

15 

165 

195 

16 

245 

288 

80-120 
80-120 
80- 1 20 


200-175 

350-310 
525-465 


232-205 

420-370 
620-550 


12-17 

15-20 

22-32 

26-36 

35-45 

38-55 

3-2 
3-2 
3-2 


jo  TO  60  Lbs.  Pressure. 


12 

132 

152 

IS 

229 

270 

16 

312 

368 

40-80 
40-80 
40-80 


330-285 
570-500 

780-670 


380-325 
675-580 

920-800 


1  12-18 

14-20 

22-30 

25-35 

1 30-40 

35-50 

10  TO  30  Lbs.  Pressure. 


14       12         183         216       10-40  640-450  850-540         8-18     10-22 


3-2 


riMi'ixc  \\\  (OMi'Ki-'.ssi-:!)  aik. 
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material.  Dividiiij;  tlu-  air  into  ininuti-  l)ul)l)k's  by  liiu-  perfora- 
tions seems  not  to  do  as  well  as  the  o|)i'n  ])i])e. 

I  have  compounded  the  air-lift  into  several  lifts,  one  discharg- 
iui;  into  the  other,  with  fair  results,  hut  it  would  he  better  to  dis- 
chargee each  section  into  an  open  tank  and  let  the  water  disijose  of 
its  air  bubbles. 

The  ijreatest  i^eneral  etiiciency  of  the  system  will  become  aj)- 
parent  under  conditions  where  the  number  of  wells  that  can  be 
oi)erated  by  an  enji^ine  plant  do  not  yield  enough  water  without 
low  eriufj,-  the  surface  of  the  water  too  far.  Let  us  say  that  normally 
the  water  stands  at  20  feet  from  the  ground,  and,  in  order  to  p^et 
the  (|uantity  froiu  six  wells,  they  are  lowered  to  80  feet  by  sinking 
perhaps  six  more  wells  some  greater  distance  away,  and  all  twelve 
are  worked  with  the  air-lift.     The  ]nnui)ing  may  be  done  at  a  head 


Fig.  20.  Di.\GR.\.M  uk  Co.mi'oind  Dm  iili-:  Kkhk.mku  Aiu  Motor  for  Pumping. 
of  only  40  feet.  This  would  be  possible,  of  course,  with  pumps, 
but  not  practical. 

In  general,  and  within  pumping  liiuits  of  120  feet,  I  shall 
conclude  that  froiu  50  to  60  per  cent,  efficiency  is  possible,  but  30 
to  40  per  cent,  will  probably  more  nearly  represent  the  average 
plant. 

Tables  \  I  and  \  II  give  the  results  of  exi)eriments  luadc  last 
vear.  and  Table  \'lll  gives  some  general  re(iuirements  for  air-lift 

pumping. 

.MOTOR-* )ri:R.\Ti:i)  i-r.Mrs. 

This  class  consists  of  pmups  belted,  geared  or  direct  coiuiectcd 
to  engines  of  all  kinds.  There  is  no  doubt  that,  with  Corliss  en- 
gines, coupled  directly  to  pumps,  the  mechanical  efficiency  is  as 
high  as  85  per  cent.  Let  us  take  an  example  on  this  basis,  using 
compound  compression,  with  engines  cross-compound  antl  double 
reheated  to  300°,  or  I  increase  of  volume. 
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The  comparison  of  curve  areas,  Fig.  20,  shows  that  an  effi- 
ciency of  88  per  cent,  should  be  obtained.  This,  it  must  be  un- 
derstood, is  for  a  station  pump,  where  all  proportions  are  specially 
designed  for  the  one  object  in  view.  In  my  calculations  no  ac- 
count is  taken  of  reheating.  The  expense  is  small,  and  I  should 
think  might  be  taken  as  5  per  cent,  of  the  economy,  consequently 
this  sum  should  be  deducted  from  all  of  my  reheating  calculations. 
It  costs  practically  the  same  to  heat  to  300°  or  400°  as  to  200°, 
provided  the  reheater  is  close  to  the  motor,  as  it  should  be.  The 
amount  of  air  required  by  engines  per  horse  power  will  vary  from 
25  to  5  cubic  feet  per  minute  of  free  air,  according  to  the  amount 
of  reheating  and  the  amount  of  expansion  used. 

TABLE  IX. 

Recapitulation. 
90  Lbs.  Air  Pressure  on  Main. 


Kind  of  Pump. 


Direct- Acting  Simple 

"  "  "        300  reheated 

"  "        Compound  Water  reheated 

"  "  "  I  cylinder  heated  300 

2  "  "       300 
"           "        Triple          3          "  "       300 

3  "  "       400 

Plain  Displacement 

Wheeler        "  

Multiple        "  

Harris  "  

Merrill  "  

Gumming  System 

Compound  Motor  Pumps 

Direct- Acting  Triple  Water  heated 

Pohle  Air-Lift..  


Foot- 
Gallons. 


135 

180 

232 

280 

326 

383 

444 

175 

34% 

320 

175 


Efficiency, 

Simple 
Compound. 


19 

24 

32 
40 
46 
54 
63 
22 


Efficiency, 
Compound. 


20 

28 

375 
46 

53 
62 

72 

25 


for  34  lbs.  pressure 


I  40  I 
60  to  70^^. 
I  22       I 

35  to  70% 
50  to  80% 
42 


46 


25 


48 


50  to  60*^  heads  less  than  200  ft. 


The  loss  in  the  compressed  air  problem  is  one  of  heat.  The 
air  is  all  there;  none  of  it  gets  away.  If  this  heat  be  restored 
and  a  sufficient  quantity  added  to  overcome  leakage  and  clear- 
ance, we  shall  get  back  our  original  expenditure,  of  course, 
less  the  mechanical  losses  in  the  motor.  Inasmuch  as,  in  com- 
pound compression  to  90  pounds,  the  temperature  need  not 
at  any  time  exceed  225°,  what  is  there  to  hinder  our  returning  this 
and  much  more  besides,  when  we  have  500°  at  our  service?  I  have 
used  430°  in  a  Corliss  motor,  with  excellent  results,  and  I  believe 
another  100°  could  have  been  added.  The  whole  question  is  one 
of  temperature,  and  the  successful  solution  lies  in  special  and  in- 
telligent adaptation  of  the  forces  at  our  service. 


PUMPING  BY  COMPRESSED  AIR.  ai3 

Too  many  have  condemned  compressed  air  witliout  proper 
hearing,  and  I  hope  these  remarks  may  stinmhitc  some  one  to 
give  special  attention  to  the  pump  problem  and  give  us  som* 
pumps  worthy  of  the  atmosphere  which  they  now  so  generonslv 
use. 

In  conclusion  it  may  be  stated  that  I  do  not  wish  to  be  un- 
derstood as  giving  absolute  values  to  the  ijuantities  mentioned  in 
this  paper.  Others  may  find  in  their  experience  that  I  have  al- 
lowed too  little  or  too  much  for  mechanical  efficiencies,  or  that  1 
have  assumed  too  high  a  standard  pressure.  This  does  not  inter- 
fere with  the  comparative  values  of  the  various  systems,  w^hich  is 
the  real  point  toward  which  I  have  desired  to  direct  your  attention. 


For  Figs.  2,  3  and  4.  -i'"!  rir,-,,uii..in\  im.'  m.ics.  SOI-  payrs  J14,  215  ami  2U1. 
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CM.  /(.  per  sec. 


THE   COMPOUND    DIRECT  AIR-PRESSURE   PUMP   WITH 
ADJUSTING  RECEIVER. 

C0MPUT.\TI0N.S    FOR    PROPORTIONING    THE    PaRTS    AND    A    GRAPHICAL    PRESENTA- 
TION OF  ONE  Cycle  of  Operation. 

The  Problem.— Froportion  a  system  to  lift  66  cu.  ft.  (500  gals.)  per 
minute  200  feet  in  the  lower  stage,  and  650  gals.  (87  cu.  ft.)  per  minute  175 
feet  in  the  upper  stage,  assuming  lengths  of  air  pipes  to  be  500  feet  to  lower 
and  300  feet  to  upper  tanks. 

Note. — In  the  following  computations  it  is  assumed  that  no  change  in 
temperature  occurs  and  friction  of  air  and  of  water  in  pipes  is  neglected. 

Solution — Horse  Power. — From  figures  given  above  the  average  net 
horse  power  =  55.  But  the  max.  rate  of  work  per  stroke  is  10.900  ft. -lbs. 
(See  ordinate  at  K,  Fig.  3.)  Assuming  the  compressor  to  work  at  90  revolu- 
tions (or  3  strokes  per  sec.)  this  will  give  about  60  H.  P. 

Air  Pipes. — If  the  volume  of  compressor  stroke  is  previously  known  the 
max.  velocity  in  air  pipe  of  known  area  can  be  found  by  observing  that  im- 
mediately after  switching  the  whole  volume  of  compressor  stroke  goes 
through  the  air  pipes. 

Otherwise  an  approximate  rate  is:  The  max.  air  volume  =  6  times  the 
average  water  volume  discharge.  In  this  case  the  rule  gives  5.5  cu.  ft.  per 
sec.  of  air  at  102".     Hence  select  air  pipes  4"  diam. 

Tanks. — They  should  not  be  less  than  10 
times  the  vol.  of  air  pipe.  Hence  assume 
V  =  450  cu.  ft.  Then  if  no  receiver  were 
attached  V"  would  be  computed  by  Eq.  I, 
which  would  give  V"  =  525;  but  by  condi- 
tions of  the  problem,  V"  must  be  =  1.3  V  = 
585.  This  requirement  can  be  satisfied  by  at- 
taching a  receiver  whose  volume  will  be  com- 
puted by  Eq.  II,  whence  R  =  497. 

In  practice  make  V"  and  R  larger  to  per- 
mit adjusting,  which  can  be  done  by  pumping 
water  in  or  out  of  R. 


,'U.  ft.  per  sec. 

Notes  on  the  Operation. 

When  air  is  switched  out  of  V"  it  ex- 
pands into  pipe  a',  and  thereby  drops  from 
91"  to  §8"  (G"  to  A),  then  compressor  forces 
air  into  V,  but  no  water  will  be  delivered 
until  pressure  in  V  reaches  102.  In  the 
meantime  pressure  in  V"  will  be  worked 
Fig.  2.  down  to  76.S,  which  will   require  47  strokes. 

(See  A  to  B'  and  A  to  B".) 
When  air  is  switched  out  at  V  we  will  have  V  +  R  -f  a'  at  102", 
while  only  91"  is  necessary  to  force  water  out  of  V".  Hence  water  will  dis- 
charge without  further  action  of  compressor  until  all  pressures  drop  to  91". 
The  volume  of  water  thus  displaced  will  be  96  cu.  ft.  This  cannot  be  prop- 
erly shown  on  the  diagram.  It  occurs  between  D'"  and  E'",  but  as  these 
points  are  coincident  in  time  the  effect  will  be  to  run  the  delivery  curve  up  as 
shown  in  the  dotted  line  near  E"'. 

Formulas  HI  and  IV  do  not  apply  after  Pn  falls  below  atmospheric  pres- 
sure, for  V  (or  V")  is  then  a  variable.  Hence  the  broken  lines  between 
C  and  D  and  F  and  G  are  not  computed. 

The  two  lines  in  each  pair  of  heavy  verticals  S"  S"  and  S'  S'  are  coinci- 
dent in  time.  The  intervening  space  is  for  convenience  in  showing  connec- 
tions between  curves. 


I'l  \iri\<,  i;>    (  <»M1M<ESSH:D  AIR. 
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SHEET  No.  12. 
The  Compound  Direct  Air-Pressure  Pump. 

Diagrammatic  Presentation  No.  i.   Diagrammatic  Presentation  No.  2.    Diagra.mmatic  Presentation  No.  3. 
Pump  applied  to  a  single  source  Pump  applied  to  wells  in  groups.  Pump  applied  in  a  "  two-stage" 

with  single  lift.  lift. 


Pump  Tanks 


IVater  supply:  Open 
well,  lake,  spring, 
r  iver  orviine  sump . 


Tanks  urill  be  proportioned 
according  to  oapaeity  of  wells . 

Fig.  4. 


j  Let  Po  =  Highest  pressure, 
p    =  Lowest  " 

V  =  Volume  of  tank, 
a    =        "         "  air  pipe. 

V  =  Effective  stroke  vol- 
ume of  compressor. 

n  =  Number  of  strokes 
to  reduce  pressure 
fiom  Po  to  p. 

,^ ,  ^  ^ log.  Po  — log.p. 

J  log.(V-f-a  +  v)- 


-log.  (V -fa). 


NoTE.s  ON  Operation. 

One  tank  (or  group  of  tanks)  is  emptied  by  air  pressure  while  the  other 
is  drawn  full  by  suction,  the  air  charge  being  so  adjusted  that  one  tank  is 
drawn  full  of  water  just  when  the  other  is  emptied. 

The  switch  can  be  automatically  operated  in  either  of  three  ways: 

1.  By  means  of  the  suction  in  the  intake  to  compressor,  which  depends 
on  the  height  to  which  water  must  be  drawn  in  filling  the  tanks. 

2.  By  a  mechanism  that  will  throw  the  switch  at  a  given  number  of 
compressor  strokes,  the  number  required  being  that  which  will  empty  one 
tank  and  fill  the  other. 

3.  By  an  electrically  controlled  mechanism,  the  circuit  being  controlled 
either  by  floats  in  the  pump  tanks  or  by  a  pressure  gage  on  the  intake  pipe. 


Advant.\ges. 

1.  The  expansive  energy  in  the  compressed  air  is  hilly  utilized. 

2.  There  are  no  moving  or  delicate  parts  outside  the  compressor  room, 
except  the  check  valves  on  water  pipes. 

3.  One  compressor  can  pump  water  from  any  number  of  sources. 

4.  In  mine  drainage  the  tanks  may  be  submerged  to  any  depth. 


WILLIAM  GIDDINGS  CURTIS. 

Member^   Technical  Society  of  the  Pacific  Coa.st. 


NOTICE. 

The  Experimental  Filter  Plant  at  Pittsburg. 

In  publisliing  this  paper  in  the  Journal  ok  the  Association  of  Enl 
.VEERING  Societies  for  November,  1900,  the  statement  should  have  been  made 
tliat  the  author,  Mr.  Morris  Knowles,  is  a  member  of  the 
Boston  Society  of  Civil  Engineers, 

and  that  the  paper  was  read  before  that  Society  June  20,  1900.     Tlie  omission 
I  if  this  statement  arose  from  oversight  in  this  office. 

John  C.  Trautvvine.  Jr..  Secretary. 


Editors  reprinting:  articles  Ironi   this  journal   are  reiiuestcd  to  credit  not  only  the 
Journal,  but  also  the  Society   before  which  such  articles  were  rc»d. 
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THI<:    KXPEKIMKNTVL    riLTFJI    l»I,\NT     \T 
IM  TTSIU  |{<;il. 

By  Morris  Kxowles,   C.E..   Assist.\xt  Engineer  in   Ch.vrge  of  Testing 
St.\tio.v,  Lmprovement  .\ni)  Filtr.\tion  of  the  Water  Slpply.  Phila- 
delphia.    Formerly  Resihent  Engineer,    Filtration 

COMMISSIO.V,   PlTTSItLRGH. 


[Presented  June  20.  1900.-] 
CEXKK.VL. 

Tiiii  city  of  Pittsburgh  has  a  population  <>l  about  320,000,  of 
\vhich  about  235,000  arc  supplied  by  the  uuinicipal  works,  which 
pump  water  from  the  Allegheny  River.  The  remaining  85.000 
are  supplied  by  private  companies,  and  almost  all  of  the  water  for 
these  is  pumped  from  the  Monongahela  River.  We  are  inter- 
ested at  this  time  in  the  supply  from  the  Allegheny  alone;  and 
the  water  from  this  river,  in  regard  to  turbidity,  may  be  said  to 
be  midway  between  the  streams  of  New  J^ngland  and  those  of  the 
Ohio  and  Mississippi  \alleys.  It  is  occasionally  very  nuuUly, 
carrying  large  quantities  of  tine  silt  and  clay,  li  is  also  polluted 
by  sewage  from  many  cities,  towns  and  mining  villages,  together 
Avith  considerable  mine  drainage  at  limes. 

In  June,  1896,  the  City  Councils  authorized  the  ai^pointnient 
of  a  Filtration  Commission,  to  be  compo.sed  of  the  Mayor,  the 
Presidents  of  the  Councils  and  eight  representative  citizens,  two 
of  whom  were  to  be  physicians.  This  commission,  to  iiuote  the 
substance  of  the  resolution,  was  to  investigate  the  character  of 
the  present  water  supply,  the  effect  of  filtration,  the  advisability 
of  establishing  a  filtration  plant,  and  furnish  an  estimate  of  con- 
structing and  maintaining  the  same:  also  to  investigate  the  feasi- 

bilitv  and  advisability  of  seeking  other  sources  of  supply. 

*Manuscript  received  October  27,  igoo.-Secretary.  .Xss'n  of  Eng.  Socs. 
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1\\im:kim1':x  TAi.  in  m.k  ri.\.\i    \i  I'll  rsHL  K(,n.      ^19 

Mr.  Robert  ritcairn,  ( iciu-ral  Aj^t-nt  of  tlu-  lViins\  Ivania 
Railn)a(l.  was  Chairnian  ot  the  (.■oiiiniissioii.  ami  Mr.  Alien 
llazen.  of  Xew  ^(l^k  cii\ ,  was  Lonsiiltinjj;  ICnjjinccr.  Dr.  Wal- 
ther  KicUlie.  of  I'ittshur};!!,  had  charge  of  all  cheinioal  analyses, 
whicli  were  nuule  in  the  private  lal)oratory  of  Coster  i\:  Kicldlc. 
Mr.  Will.  I\.  Ldi)elan(l.  foniierly  of  the  l',xiK>riinetU  Station  of 
the  Massachusetts  State  Hoard  of  lleallh.  at  Lawrence.  Mass., 
had  cliar^e  of  the  bacterioloi^-^ical  laboratory,  located  at  the  filter 
plant,  lie  was  also  in  direct  charjj^e  of  the  operation  of  the  ex- 
perimental filters. 

It  is  projiosed  in  this  paper  to  coiitine  our  alteiilion  to  that 
poriion  of  the  iiive.^tii^ations  which  was  carried  on  at  the  experi- 
mental hlter  plant;  to  present  a  short  descri])tion  of  the  apparatus 
used,  with  views  of  some  of  the  interesting  details,  and  briit1\  to 
summarize  some  of  the  results  obtained.''' 

In  Ma\,  iH()7,  preparation.^  were  made  for  beiiimiini;  e.\pen- 
ments  with  various  types  of  filters,  and  upon  July  21,  the  sand 
filters  were  ])lace(l  in  operation.  I'pon  January  14.  iSt>S.  the 
mechanical  filters  were  started.  The  tile  filters  were  first  started 
November  25,  1897,  and  again,  after  two  months  of  idleness,  upon 
June  12,  1898.  The  experiments  were  officially  cl()setl  September 
I,  1898,  and  the  report  of  the  lommission  was  transmitted  to 
Councils  in  January,  1899. 

r)i:siKii'Tio.\. 

The  exi)erimeutal  filter  i)lant  was  located  at  the  pumping 
station  of  the  nuinici])al  water  works,  at  I'.rilliatU  Station,  on  the 
Allegheny  \alley  Railway,  about  six  miles  from  city  hall  V'u^r 
I  shows  the  general  arrangement. 

The  ])lant  consisted  of  two  sand  filter  basins,  with  a  >etilmg 
basin  about  ecpial  in  area  to  both  combined;  a  filter  building,  in 
which  were  located  the  measuring  vaidt  of  the  .sand  filters,  the 
mechanical  and  tile  filters,  the  filtered  water  tank,  the  wash  water 
pumi)s  and  other  machinery,  also  the  experimental  l)oiler>  (see 
page  000).  \\'ater  was  sui)plic<l  to  the  plant  from  a  large  force 
main  in  the  vard  and  was  thus  of  about  the  same  character  as 
the  river  water,  and  change.l  nearly  as  rapidly  as  that  in  the  river. 

S.WI)    I-II.TKKS. 

Description.  A  plan  and  vertical  section  of  the  two  <;and 
filters    are    shown    in    l-ig-    2,   together   with    a   ven 

^report  upon  the  wliolc  subject,  togclhor  with  a  nmr,  Ic 

scription  of  the  experimental  work  and  a  discussion  of  the   .■ 
found  in  "Report  of  Filtration  Commission,  Pittsburgh,  1899- 
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Fig.  2. 


through  Fiher  No.  2  and  the  setthng  basin.  A  view  of  them  is 
given  in  Fig  3.  The  walls  and  bottom  were  built  of  concrete. 
The  filters  were  not  covered.     The  settling  basin  had  a  capacity 


k.\im:kimi-:xt  \i.  i-ii.ii:k  plant  at  riTTSiu'kciH.      jjt 

of  about  .^3.800  italic )iis  wliicli,  if  compk-tc  ilisplacciucut  were 
realizcil,  wiuild  liavc  allowed  twonty-four  hours'  si-dinu-nlntion 
wheu  one  Idler  ouIn  was  supi)lied  with  settled  water.  It  is  be- 
lieved. li(i\ve\er,  that  chani^es  froui  itdet  tt)  outlet  were  acconi- 
pli>lK'(l  in  about  Iwo-thirils  of  this  tiuie.  The  avera}.,'e  area  of  tho 
sand  surface  was  0.0065  '^*^^^  dvirins:^  the  experiments,  beinj^  about 
12  stpiare  feet  less  at  the  close  than  at  the  l)e!.,Mnuini;.  owinj.;  to 
the  batter  of  the  walls. 

Ihc  undcrdrain  pi])es  were  vitrified  and  4  inches  in  diameter. 
Broken  stone  and  fjravel,  to  a  depth  of  6  inches,  were  ])iace(l  on 
the   ct^ncrete  b(^ttoni  and  (^ver  the  jiipc.     The  layers  <)f  untler- 


Ik;.  3.     Sank   Imi.tkks  a.nh  .Si.m.iN..  Basi.n. 

draining  material  were  as  follows:  Three  inches  of  br..Ke..  m.... 
of  about  T,  to  2.1  inches  in  size,  which  was  covered  with  .«crce:i- 
in^s.  or  somewhat  smaller  broken  chip^.  to  do.se  the  larjjcr  inter- 
stiVe^  on  top:  1]  inches  of  clean  river  gravel  of  ab.ntl  i  to  5-16 
inch  in  ^ize:  1  1  inches  of  clean  river  gravel  which  had  been  passed 
throi-h  a  s-16-inch  screen.  Allegheny  River  sand,  which  wa". 
depo-ited  lioselv  in  si.x  layers  for  a  depth  of  5  feet,  completed 
the  bed.  \ftcr  it  ha.l  settled  in  water  for  a  lew  days  the  thick- 
ness diminished  to  4-'  tV^t.  which  was  the  amount  in  place  at  the 
beginning  of  the  experiments.  .\n  average  ot  1.2  leet  was  re- 
moved during  the  thirteen  months  of  operation.  I'lg.  4  ^»ic.w. 
the  method  of  scraping  an.l  the  care  taken  by  the  attendant,  by 
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using  sandals,  not  to  make  indentations  in  the  sand  surface.  The 
average  composition  of  the  sand  used  may  be  seen  in  the  fol- 
lowing table: 

Results  of  Analyses  of  Sands  Used  in  the  Sand  Filters. 


Effective  Size 
/lo'li  Finer\ 
1        than        I 
V     M.  M      / 

Uniformity 
Coefficient. 

Size  I  ti&it  finer 

tfian)  divided 

by  Size  ( io?S 

finer  tlian) 

2.0 

2.0 

P.ARTS  BV  Weight. 

Source  of  Sample. 

Iron  and 

Aluminum 

Oxides. 

Calcium 
Carbonate. 

Silicates    and 
Insoluble 
Matter. 

Filter  No.  i. 

"           "      2. 

0.30 
0.31 

0.98 
0.96 

1-32 

1-35 

97.70 
97.69 

Fig.  4.     Sand  Filter,  Method  of  Scraping. 

J.pparafiis.  The  eftUient  i)ipes  were  brought,  side  by  side,  into 
a  small  vault  in  the  niter  building,  in  which  were  placed  the  neces- 
sary devices  for  reg'ilating  and  registering  the  quantity  of  water 
filtered.  Meters  were  rendered  unreliable  by  the  amount  of  air 
carried  in  the  water.  Orifice  indicators  were  therefore  relied  upon, 
and  these  had  the  additional  advantage  of  indicating  the  rate  of 
filtration  at  the  instant  of  observation.  Fig.  5  shows  two  views  of 
one  of  these  indicators.  Ten  standard  orifices  were  drilled  in  the 
■J-inch  brass  bottoms  of  copper  cans  12  inches  in  diameter  and  12 
inches  in  dejith.  The  water  entered  the  side  of  the  indicator  and 
passed  thrc.ugh  a  screen  to  ])revent  cross  currents.  On  one  side  of 
the  indicator  was  a  glass  slide,  upon  which  a  scale  was  fastened. 
The  scale  was  graduated  to  read,  upon  one  edge,  in  "(iallons  per 
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Orifice.    Daily."   and.   upmi    tlic   ollur.   in    "Million    ( ialluns   per 
Acre,  per  ( )rifice.  Daily." 

The  altemhint  was  instructed  to  keep  the  water.  (»n  the  lat- 
ter scale,  at  the  halt-million  rate  mark  as  nearly  as  possible,  so 
that  iialf  the  numl)er  of  orihces  open  corres])onde(l  approximately 
to  the  rate  of  filtration.  (  )rifices  not  in  use  were  closed  witli 
rubber  stopj^ers.  The  loss  of  head  was  read  downward  directly 
upon  a  luovahle  scaleboard.  the  7,ero  of  which  was  changed  fre- 
(|uently  during-  the  day  to  af:^ree  with  the  level  of  the  surface  of 
the  water  outside  on  the  filter  basin.  \  arious  rates  t)f  filtration 
were  used,  between  two  million  and  five  million  p^allons  per  acre 
daily,  with  both  settled  water  and  that  which  caiuc  directly  from 
the  river  without  any  appreciable  rest. 


Fig.  5.     Sand  Filters.  Okikk  k  Iniik.\tiik>. 

The  turbidity  of  the  river  and  settled  waters  was  determined 
by  observing-  the  distance  below  the  surface  which  a  platinum 
wire  could  be  seen  in  the  water.  The  record  was  expressed  as 
the  reciprocal  of  the  deiith.  in  inches,  at  which  the  wire  just  dis- 


appeared ironi  view. 


The  turbiditv  of  the  efllueiits  was  ob.scrved 


by  comparison,  in  gallon  bottles,  with  standards  of  known  tur- 
biditv, which  were  made  from  a  stock  silver  nitrate  solution,  pre- 
cipitated in  distilled  water  with  sodium  chloride.  The  relation 
between  the  two  standards  was  determined  approximately,  and  all 
results  were  expressed  in  terms  of  the  method  first  mentioned. 
Rcudt^'  The  average  (|uantitative  and  bacterial  results  se- 
cured with  the  sand  filters  during  the  thirteen  months  arc  given 
in  the  following  table.  Xo.  1.  The  figures  given  in  this  and  sub- 
sequent tables  are.  in  some  instances,  slightly  d«flfcrent  from 
those  found  in  the  report  ..f  the  l-'iltration  Commission.  The  dif- 
ference is  due  to  rounding  up  and  usmg  even  figures: 
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Leaks  and  Cold  Weal  her.  In  partial  explanation  of  some  of  the 
relatively  low  bacterial  efficiencies  observed  duriii}^'  the  cold  weather, 
atlemi.ui  should  be  called  to  the  cracks  in  the  wall  between  the 
settling-  basin  and  the  filters,  the  effect  of  which  first  became 
noticeable  in  the  efMuents  about  the  middle  ot  Xoveiuber.  1897. 
Ai  {h\>  lime  an  efft)ri  was  made  to  repair  these  cracks  by  closing 
them  on  the  settling  basin  side,  and  it  was  then  believed  that  this 
atteni])t  was  practically  successful.  In  June.  189S.  however,  a 
small  leak  was  again  noticed.  This  lime  a  small  trough  was  built 
out  under  the  opening,  so  that  the  water  was  compelled  to  pass 
out  into  the  sand,  instead  of  down  along  the  wall.  After  this 
no  troid)le  was  noticed.  Danger  from  cracks  of  this  kind  is  les- 
sened 1)\-  placing  the  filter  sand  on  the  bottom  for  a  short  dis- 
tance around  the  walls,  instead  of  carrying  the  gravel  and  broken 
stone  out  close  to  the  wall.  I'.ut  much  safer,  also,  is  that  C(jn- 
struclioii  which  ])laces  the  settling  basin  at  some  distance  from 
the  filters,  so  that  there  is  a  barrier  more  efficient  than  a  con- 
crete wall  between  polluted  and  purified  water.  It  is  probable, 
however,  that  the  lower  bacterial  efficiency  in  the  winter  was  due 
in  some  degree  to  the  disturbing  influences  of  low  temperature, 
especially  upon  the  sand  surface  when  exposed  for  scraping,  tipoti 
these  open  and  unprotected  filters. 

Recent  Data.  Through  the  kindness  of  the  former  Diieeio: 
of  Public  Works.  Mr.  E.  M.  I'.igelow.  M.  Am.  Soc.  C.  K.:  the 
Su])eriiileii(lent  of  the  I'.ureau  of  Water,  Mr.  .\.  1'..  Shepherd,  and 
of  Mr.  Win.  K.  Copeland.  now  liacteriologist-in-charge,  the 
writer  is  enabled  lo  present,  in  Table  Xo.  i  A.  a  sunmiary  of  re- 
sults obtained  since  September.  i.^'(;S,  by  the  I'.ureau  of  Water. 
The  results  for  the  winter  months  are  in  line  with  those  in  Table 
No.  I.  and  show  markedly  the  infiuence  of  the  cohl  weather. 

In  lune.  1899.  about  one  foot  in  depth  of  the  t«>p  sand  then 
remaining  in  the  filters  was  removed,  and  new  sand  was  placed 
in  them  to  a  depth  of  three  feet;  then  about  i)  inches  of  the  old 
material  was  replaced,  bringing  the  sand  surface  alunit  to  the 
original  grade.  For  this  reason  the  average  results  for  the  first 
six  (lavs  of  June,  1899.  are  rei)orted  separately  from  those  for  the 
last  nhieteeii  davs.  However,  the  average  for  the  year  i8</j  wa«^ 
obtained  by  using  an  average  f..r  June,  giving  the  proper  weight 
to  the  duration  in  time  o\  each  group  of  results. 

After  August  23,  1899.  five  baffie  walls  were  used  in  one-half 
of  the  settling" basin^.  causing  the  water  applied  to  I'ilter  Xo.  2  to 
travel  in  a  horizontal  tortuous  curse,  and  thus  gave  a  more 
complete  displacement. 
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Asbestos  pulp  was  used  tni  the  surface  of  l-ilter  Xo.  j  in  dif- 
ferent ([uantities  from  ()ctol)er  27  to  \oveinl)er  12,  iH(^.  I'fcjm 
Xoveiuher  2  to  December  13,  1898,  sulphate  of  alumina  was 
added  to  the  applied  water,  as  it  eiUered  the  settling  basin,  at 
rates  varying-  from  [  to  i  grain  per  gallon.  Neither  of  these 
?pecial  experiments  was  i)roductivc  of  conclusive  evidence,  as 
the  time  of  trial  was  limited,  and  the  facts  are  recorded  here 
solely  in  order  that  the  full  history  to  accompany  Table  No.  i  A 
may  be  given.  I-'ig.  6  shows  how  the  asbestos  pulp  may  l)e  rolled 
up  like  a  carpet  when  dried  to  the  ])ro])er  degree. 


Fig.  6.     S.\nd  Fu^ters.  Re.mov.m.  ok  Asbestos  Film. 


Periods  bcfMrn  Scrapings.  The  following  tables.  Xo.  2  and 
Xo.  2  A.  contain  the  results  of  the  runs  between  scrapings,  the 
first  until  .Scpieml)er,  1898,  and  the  second  from  that  time  to 
January,  1900.  The  results  for  l-ilter  Xo.  i.  in  Table  Xo.  2.  diflfer 
slightlv  from  the  summaries  given  in  the  report  of  the  l-"iltration 
Commission,  as  the  figures  have  been  entirely  recalculated  from 
the  original  reords.  to  give  the  result  at  the  exact  time  that  the 
loss  of  head  reached  4  teet: 

Xot  all  the  i)eriods  have  been  included  in  Tabic  2  A.  The 
records  are  omitted  in  cases  where  si)ccial  tests  with  asbestos 
were  conducted.  an<l  where,  for  experimental  purposes,  ven* 
small  depths  of  sand  were  remove.l  at  a  scraping,  which  created, 
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for  the  next  run.  a  large  initial  loss  of  head,  greater  than  one 
foot. 

In  Tables,  No.  2  and  Xo.  2  A,  it  will  be  noticed  that  there 
appears  to  be   some  relation  between  the  length  of  period,  or 
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Fig.  7. 

quantity  filtered  between  scrapings,  and  the  average  turbidity  for 
the  period.  In  general,  the  more  turbid  the  water  the  less  the 
length  of  the  period  and  the  less  the  quantity  filtered,  but  the 
relation  is  not  an  exact  one.     In  Fig.  7  the  results  in  Tables  No. 
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2  and  No.  2  A  have  been  plotled,  usini;.  as  ordinatcs,  the  <|iKmtity 
hltered,  and.  as  abscissae,  the  s(|uare  of  the  average  turhichty  (hir- 
inj;  the  period,  divided  by  the  average  rate.  It  will  be  seen  that 
many  points  are  at  some  distance  from  the  avera},a'  hne,  yet  there 
does  seem  to  be  some  general  relation. 

It  may  be  that  the  storage  of  suspended  matter  in  the  san<l, 
as  evidenced  by  the  turbidity  of  the  eftluent  long  after  the  muddy 
water  has  passed  by,  affects  the  length  of  the  period  to  some  de- 
gree. Xo  d()ul)t  the  length  of  the  period  is  also  somewhat  af- 
fected by  the  variation  in  the  temperature  of  the  applied  water; 
the  low  tem])eratme  in  winter  requiring  a  greater  loss  of  head 
than  the  warm  weather  to  filter  the  same  <|uantity.  It  is  probable, 
however,  that  these  factors  are  obscured  by  the  errors  in  determin- 
ing the  effect  of  the  water  u])on  the  filters,  in  regard  to  deixjsiting  a 
clogging  laver,  but,  more  than  anything  else,  the  diagram  teaches 
us  that  a  more  accurate  method  of  observing  turbidity  is  needed. 

rile  (|uestion  of  this  relation  is  an  interesting  and  even  an 

important  one;  for  if,  by  coiUinuous  and  systematic  observations 

of  the  turl)idity  of  a  source  of  su])ply,  the  probable  (|uantity  of 

water  that  will  be  filtered  between  scrapings  can  be  determined. 

the  largest  item  of  the  cost  of  maintenance  of  slow  sand  filters  may 

be  accuratelv  estimated  without  waiting  for  the  actual  trial  of  the 

filters. 

TABLE  Xo.  3. 

Average  Results  of  Chemkal  Analyses  ok  Samples  Collected  from  the 
Allegheny  River  and  Sand  Filters  during  the  Thir- 
teen Months  Ending  August  31.   i8(>'^. 
(Parts  per  100,000.) 


Constituents. 


Color 1  0.29 

Nitrogen,  as — 

Albuminoid  ammonia  0.0116 

Free  ammonia 0.0019 

Nitrites o.oooo 

Nitrates 0.0684 

Chlorine 2. 19 

Total   solids |  15-9 

Suspended  matter 4-2 

Total  hardness 3-5^ 

Alkalinity |  2. 89 

Sulphuric  acid 1-44 

Iron 0.05 
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1.38 
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1.44 
0.016 
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Chemical  Results.  Table  No.  3  gives  the  average  results,  for 
the  whole  period,  of  the  chemical  analyses  of  samples  of  water 
collected  (i)  from  the  Allegheny  River,  (2)  from  the  outlet  from 
the  settling  basin  and  (3)  from  the  sand  filter  effluents;  together 
with  the  percentage  of  chemical  constituents  removed.  Tables 
12  A  to  12  E,  at  the  end  of  this  paper,  contain  the  monthly  aver- 
ages of  the  results  of  the  chemical  analyses  and  the  average  sum- 
maries for  different  periods. 

WARREN    FILTER. 

This  filter  \vas  located  in  the  w^estern  portion  of  the  filter  build- 
ing. A  plan  will  be  found  in  Fig.  8,  and  an  elevation  in  Fig.  9. 
The  system  consisted  of  a  settling  Ijasin,  having  baffle  walls  and  a 
circular  tank,  or  filter  proper,  which  contained  the  filter  sand  and 
the  agitating,  washing  and  regulating  devices. 

Settling  Basin.  The  capacity  of  the  settling  basin  was  about 
11,200  gallons,  which  gave,  if  complete  displacement  were  accom- 
plished, a  period  of  about  fifty  minutes  for  the  water  to  pass  from 
one  end  to  the  other  when  the  filter  was  operated  at  a  rate  of 
120,000,000  gallons  per  acre  daily.  Just  Ijefore  the  water  entered 
the  settling  basin  it  was  measured  by  a  meter,  and  then,  at  the 
entrance,  was  controlled  by  a  butterfiy  valve,  which  was  attached  to 
a  float  on  the  surface  of  the  basin.  Next  the  water  passed  through 
a  propeller,  which  operated  the  revolving  coagulant  pump  or 
tympanum  on  the  platform  above. 

Coagulant.  The  solution  of  coagulant  was  introduced  as  the 
water  passed  the  propeller.  The  average  composition  of  the  sul- 
phate of  alumina,  which  was  the  coagulant  used  in  both  the  Warren 
and  the  Jewell  Filters,  was : 

Parts  of  Weight. 

Alumina  oxide,  solul)le  in  water 17.18 

Sulphuric  acid  38.66 

Iron  oxide    0.00 

Material  insoluble  in  water  0.24 

The  coagulant  solution  was  dissolved  in  two  tubs,  placed  on  top 
of  the  settling  basin  and  was  allowed  to  flow,  first  from  one  and 
then  from  the  other,  into  the  tank  in  which  the  tympanum  was 
placed.  The  inner  end  of  each  arm  of  this  pump  was  connected  to 
one  of  a  series  of  six  tubes  placed  in  the  hub  and  parallel  to  the 
shaft.  As  the  pump  revolved  each  arm  in  turn  was  filled.  As  the 
arm  became  elevated  the  solution  passed  down  into  the  hub,  out  into 
a  lead  cup  on  the  side  of  the  tank  and  thence  to  the  settling  basin 
below. 


i:xiM-.RiMi'.XT.\i.  !'ii.ri:R  im.wt  at  1'ittsiu"R(;h. 


^M 


riie  elevation  of  the  si>Iutii>n  in  the  puiu])  tank  was  kept  as 
nearly  constant  as  i)ossil)le  hy  rubber  lloat  valves.  It  was  found, 
however,  that  this  method  was  not  eiuirelv  satisfaclorv.  as  the  rub- 
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her  xalves  frequentlv  became  cloj^gcd.     Also,  when  a  now  sohU.on 
was  t^rst  used  the  hi-her  elevation  of  the  luiuid  ni  the  •  "k. 

due  to  the  pressure  from  a  full  tub  ab..ve.  caused  much  r  .-;u- 

lant  to  be  added  to  the  applied  water  than  when  the  solut.on  .n  the 
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upper  tub  had  ncarh-  run  out.      It  was  endeavored  to  remedy  this  by 
opening  the  valve  from  the  coagulant  storage  tub  a  little  only  at  the 


Fig.  g. 

beginning,  and  gradually  increasing  this  opening  as  the  tul)  became 
empty.  Even  with  this  care,  the  rate  of  application  of  the  coagu- 
lant solution  was  not  constant. 


i:\im;rimi;.\  r  \i.  imlii-.k  I'l.Axr  at  imttsiu  K(.ii 


^^5 


Without  (luoliii}^  ill  detail  the  tal)lcs  which  arc  puhhshcd  in  the 
i\l>tirt,  the  tollowitii^"  brief  suniniary,  coiitaiiicd  in  Tabic  Xo.  4,  will 
show  the  iialure  and  amount  ot'  this  \ariatii  mi.  both  for  the  Warren 
and  Jewell  1-ilters.  It  uuist  Ik-  reuienibered,  however,  in  stu<lyini; 
this  table  that  it  is  more  difficult  to  ai)i)ly  a  coajijulatini::  li(|uid 
accuraleh   on  a  small  than  on  a  larije  scale. 

t-iltcr.  The  filter  ])rt)i)er  was  composed  of  a  circular  tank  with 
a  sand  area  of  1 18  square  feet.  ( )n  the  bottc^ni.  inside,  were  placed 
seg^nental  iron  trous^hs  set  in  concrete,  which  served  as  a  support 
for  a  brass  strainer  floor  and  also  as  collectors  for  the  filtered  water. 
I'roiu  the  bottom  of  the  tank,  and  connected  directlv  with  the  inlet 


Img.    10.     Warren   Fii.tkr.  Dismanti.kd  I.ntkridr  Showing  Central  Wki  i. 
Segmental  Troichs.  Vertical  Gctters  and  one  j-incii 

CoNNE(TING    PM'E. 


pipe,  was  a  central  well,  which  extended  up  throu.i;h  the  tiller  floor 
and  above  the  sand  surface.  Comnuuiicatintj:  with  this  well  and 
l)assing  between  the  collectin.<;  trou,<,dis  were  ten  j-inch  horizontal 
pipes,  which  were  connected  with  vertical  iron  .^utters  placed 
around  the  filter  inside  the  staves. 

The  inlet  water  from  the  settling  basin  was  distributed  over 
the  sand  surface  from  the  central  well,  and  from  the  vertical  cir- 
cumferential i^utters.  Fi.c:-  10  shows  the  central  well,  circumferen- 
tial gutters  and  2-inch  connecting  pipes,  all  at  the  time  the  filter 
was  bein<r  dismantled. 
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The  sand  used  was  crushed  f(uartz,  which  was  angular  at  first, 
but  thie  sharp  edges  became  rounded  after  some  months  of  use.  The 
effective  size  was  0.63  mm.,  and  the  uniforniity  coefficient  was  1.1. 
The  sand  was  2.3  feet  deep,  and  rested  directly  on  the  brass  strainer 
floor,  which  contained  292,900  holes,  each  being  0.024  inches  in 
diameter. 

Regiilafiiig  JJ'cir.  After  passing  through  the  sand  the  water 
was  collected  in  the  radial  trotighs,  and  passed  from  a  central 
annular  compartment  to  the  chamber  of  the  so-called  automatic 
weir.  The  principle  of  this  device  was  that  of  a  changeable  orifice 
plate  in  a  sliding  pipe  attached  to  a  large  copper  float,  and  its  object 


Fig.   II.     Warren  Filter,  Agitating  Device. 


was  to  maintain  the  same  head  upon  the  orifice.  In  fact,  however, 
the  quantities  filtered  were  somewhat  less  before  washing  than 
immediately  after.  The  extent  of  the  variation  for  some  repre- 
sentative periods  is  given  in  Table  No.  5.  This  controlling  weir 
was  the  cause  of  overregistration  of  the  effluent  meter,  due  to  the 
presence  of  air  needed  to  oj^erate  the  weir  properlw  This  error 
was  as  large  as  13  per  cent.,  and  varied  in  the  ])eginning,  l)ut  by 
the  application  of  air  escape  pipes  at  i)ro]^er  places  lietween  the 
weir  and  the  meter  this  error  was  reduced  and  maintained  at  4  per 
cent. 

irashing.     Filtered  w^ater  for  washing  was  furnished  by  two 
duplex  steam  pumps,  size  12  x  7  x  18  inches,  which  drew  the  water 


i-\im:ri.mi:\  T  Ai.  iii  ti:i<  i'i..\\|-  at  I'lrTSiu'RCii. 


^.V/ 


fnnn  a  lai\^o  ct'tlurnt  tank  uikKt  llic  hiiildin^-.  'I"1k'  wash  water  wa> 
nu'asiircd  by  a  iiictrr.  then  entered  the  hUer  l)y  the  eftliient  i)ii)e  and 
passed  up  tlirouqh  the  screens  and  sand  in  the  opposite  direction  to 
that  of  the  current  of  water  wlien  filterinj^.  As  the  (hrtv  water 
tlixided  aho\e  the  sand,  it  overflowed  down  the  central  well  and  the 
circunifeiential  iL^utters.  and  thus  jiassed  out  throus^h  a  waste  pipe 
to  the  sewer. 


Ao;itatnr.  At  the  time  of  washing-  the  agitator  was  made  to 
rotate  through  the  sand  at  the  rate  of  three  turns  to  the  minute, 
thus  stirring  the  mass  to  the  bottom.  This  device  consisted  of  two 
horizontal  arms.  i8o°  apart,  connected  to  a  central  vertical  shaft, 
which  was  turned  by  gearing.  The  power  in  this  case  was  fur- 
nished l)v  a  small  enijine  on  the  floor.     (  )n  each  of  the  arms  were 
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nine  teeth,  which  cleared  the  strainer  Ijottom  by  0.14  feet  when  the 
agitator  was  in  the  lowest  position.  The  device  was  raised  and 
lowered  by  means  of  a  hydranlic  lift  placed  on  top  of  the  central 
shaft,  the  whole  being  supported  upon  I  beams  placed  on  top  of  the 


Fig.  13. 

filter.     Fig.  i  1  shows  the  rakes  extending  down  from  the  arms  and 
just  touching  the  sand  surface. 

JEWELL    FILTER. 

This  filter  was  located  in  the  central  portion  of  the  filter  build- 
ing. A  ])lan  will  he  found  in  iMg.  12,  and  an  elevation  in  Fig.  13. 
The  plant  consisted  of  a  settling  Itasin  in  the  bottoni  portion  of  an 
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outside  tank,  and  an  open  filter  in  a  smaller  tank  plaeed  within  and 
above  the  former. 

Scttlnii:;  Hasiii.  The  eapaeity  of  the  hasin  was  about  6600 
i;allons.  wliicb  was  equal  to  35  minutes'  How  when  the  filter  was 
operated  at  llie  rate  of  105.000.000  gallons  per  acre  daily.  Tlu 
water  was  admitted  to  the  basin  through  a  curved  deflectin«^  P'l"-'. 
which  caused  a  whirliuij;-  motion  as  it  ])assed  upward  to  the  filter 
above. 

Coagulant.     The  preparation  of  the  coagulant  was  the  same 

as  for  the  Warren  Filter.     The  solution  was  lifted  by  a  small  steam 

pump  from  either  of  the  two  tubs  to  a  small  tank  above  the  filter, 

in   which  a  constant  bead  was  maintained  by  pumpini;-  an  excess 

and  allowing-  tbe  surplus  to  run  back  to  the  original   tub.     This 

method  aided,  somewhat,  toward  kee])ing  the  solution  mixed  in  the 

tub.      b'rom  the  tank  the  solution  passed  through  a  standard  orifice 

and   i)i])e   to   the   settling  basin,    which   it   entered   near    where   the 

applied    water   passed   in.     Changes    in    the   amount   of   coagulant 

supplied    were   made   b\-   changing  the   orifices.     This   method   of 

ai)plication   was   somewdiat  more   exact   than    tb.at   used    with   the 

Warren  Filter,  as  the  figures  given  in  Tidile  Xo.  4  indicate,  but 

incrustation  on  the  edges  of  the  orifice  changed  tb.e  area  and  thus 

caused  errors. 

TABLE  Xo.  4. 

\'.\R1.\T1()X    IX    THE    ApPLIC.\TK)N    OF    Co.\GUI..\NT    TO    MECHANICAL    FlI.TF.RS. 


Number 

of 
Kxperi- 
iiient. 


Calendar 
Date  of 
Experi- 
ment, 
1898. 


Name 

of 
Filter. 


April 
lune 


14  Warren 

14  Jewell 

10  Warren 

23 

"        23  Jewell 

\ugust  12  Warren 

"      12  Jewell 


Amount  of  Sulphate  of  Alumi.n'a  ] 
tJsED,  IN  Grains  pkr  Gallon.     <' 


For  Duration  of  Thirty  .Xverage  for 
Duration 
of  Experi- 
ment. 


Percentage  of 

N'ariation  from  the 

Average. 


Minutes 
Highest 


0.91 

0-53 
2.48 

3-96 
2.48 
3.86 
2.09 


Lowest. 


0.39 
0.26 
080 
0.66 

1-05 
0.91 
0.65 


Average 2.33 


0.67 


0-55 
0.34 
1.30 
2.19 
1.90 

I. II 
1.28 


j    Highest. 

Lowest. 

-  66 

-29 

r56 

-24 

-:  91 

-38 

:  81 

—70 

31 

-45 

I4(. 

—42 

<S,S 

— 4« 

Sj 

-48 

I-illcr.  The  filter  ])roper  was  placed  above  the  settling  basin, 
and  contained  4.S  feet  in  depth  of  round-grained  yellow  beach  sand, 
of  an  area  of  1  13  S([uare  feet.  Different  sizes  of  sand  were  intro- 
duced bv  the  comi)any  from  time  to  time.  The  uniformity  co- 
efficient varied  from  1.3  to  1.7.  and  the  eff'ective  size  from  0.33  nun. 
to  0.47  mm.  The  water  from  the  settling  basin  passed  up  through 
a  central  well  and  overflowed  the  sand  surface.  After  jiassing 
down    thri:ugh    the   sand    the   filtered    water    was   collected    in    443 
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screens,  wliich  were  clamped  over  oi)enings  in  the  collecting  pipes. 
The  holes  in  the  screens  were  0.025  inches  in  diameter.  Fig.  14 
shows  the  screen  heads  on  the  jiipes.  together  with  the  surrounding 
sand,  over  a  portion  of  the  bed.  These  pipes  drained  to  collecting 
conduits  which  entered  the  5-inch  effluent  pipe  leading  to  the  out- 
side. Just  outside  the  filter  there  was  placed  a  cross  connection, 
which  allowed  water  to  pass  either  through  the  effluent  meter  and 
regulator  to  a  tank  under  the  fioor  or  to  the  sewer.  This  connection 
also  permitted  the  introduction  of  wash  water  in  a  reverse  direction 
for  cleansing-  the  filter. 


Fig.   14.     Jewell  Filter,   Screen   Heads  on  Collecting  System. 

ContViiUcr.  This  device  was  intended  to  maintain  a  constant 
head  upon  an  orifice  plate  placed  in  ihe  hottom  by  allowing  such 
water  as  rose  above  a  certain  le\el  to  How  over  into  a  cup.  This  cup 
was  attached  to  a  lever  arm,  the  inner  end  of  which  operated  a 
butterth-  vahe  in  the  ])i])e  whlcli  discharged  directly  over  this  orifice. 


A  view  of  the  controller  is  given  in 


The  efficiency  of  this 


device  was  tested  from  time  to  time,  and  the  variations  of  the  flow, 
as  shown  bv  re])resentative  tests,  are  given  in  Table  No.  5.  In  this 
connection,  however,  reference  should  be  made  to  a  new  form  of 
controller  recently  devised  for  this  use,  which  is  said  to  give  satis- 
factory results.''' 

*See  paper  by  E.   B.   Weston,  C.E.,  on  '•Mechanical  Filtration."  Journal 
of  Xcz^'  liiis^laiid  Water  Works  .Issociation.  June.   1900,  page  343. 
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TAIU.i':   Xo,  3. 

\'.\RI.\TIONS    IN    THK    RaTES    OF    FiLTR.MlON    WITH    MECHANICAL    FILTERS. 


0  = 

Calendar 
Date  of 
Experi- 
ment, 

1898. 

Name 

of 
Filter. 

yUANTITY    FiLTKRED, 

IN  Gallons. 

Perckntage  of  Variation. 

V   = 

-  i 

For  Duration  of 
Thirty  Minutes. 

\  verage  for 

Duration 

of  Exjierj- 

nient. 

From  the  Average. 

Total 
between 

^i 

Highest. 

86yo 
6420 
7720 
7110 
6290 
9260 
8580 

Lowest. 

6380 
5210 
4520 
5360 
S260 
5170 
2680 

Highest. 

+  15 
4-12 

434 

-)-I2 

-f9 
4-26 

+55 

Lowest. 

P..xtreines. 

I 
2 

i 

5 
6 

7 

April      14 

14 

June       10 

23 

"         23 

August  12 

"         12 

Warren 

Jewell 
Warren 

Jewell 
Warren 
Jewell 

7550 
5740 
5780 

6330 
5780 
7360 
5550 

—15 

—9 

—22 

-15 

—9 

-30 

—52 

30 
21 

56 

27 
18 

56 
107 

A 

verage 

7720 

4940           6^00       1 

^-2-?            22 

45 

•^           1 

Fh;.    15.     Jewell   Filter  Controller. 


// '(/.^7//';?_i,^  'l~liis  wurk  was  done  in  the  .sanic  ,<;viKTal  nianiK-r 
a.->  w  iili  tlir  Warren  filter,  hut  in  tlii.s  ca.sc  the  dirty  water  overflowed 
into  the  annular  .space  1)etween  the  inner  and  outer  tanks,  and  tluis 
a\\a\  to  the  sewer.  The  agitatint;'  device  also  was  somewhat  dif- 
ferent. There  were  two  sets  of  arms  and  rakes,  the  lari^^er  rakes 
heiiii^-  4  feet  long-  and  fastened  to  arms  reaching  from  the  center 
across  the  filter  bed  and  placed  180°  apart.  'I"he  shorter  arms  had 
onlv  three  rakes:  were  placed  at  right  angles  to  the  others,  and 
stirred  the  sand  close  to  the  central  well  not  disturbed  by  those  on 
the  longer  ariiLs.     While  the  filters  were  operating  these  rakes  lay 
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upon  the  sand  of  the  filter,  but  when  the  power  for  agitating  the 
bed  was  appHed  the  arms  started  to  revolve  and  forced  the  rakes  to 
a  vertical  position  and  down  into  the  sand.  When  the  operation  of 
washing  was  discontinued  the  arms  were  made  to  revolve  in  the 
opposite  direction,  and  the  rakes  were  thus  trailed  out  on  top  of  the 
bed  again  and  left  in  a  nearly  horizontal  position.  The  device  made 
about  seven  turns  per  minute.  Fig.  i6  shows  the  rakes  nearly 
])ulled  out  to  the  surface  of  the  sand. 


Fig.   i6.     Jewell  Filter.  Agitating  Device. 

At  certain  times,  instead  of  washing  the  Jewell  Filter  bed,  re- 
covtrse  was  had  to  trailing  the  rakes  around  upon  the  surface  of 
the  bed  in  the  direction  opposite  to  that  when  washing,  the  water 
remaining  u])()n  the  surface.  This  method  made  furrows  about  2 
inches  deep  in  the  sand.  When  the  bed  was  new  or  had  recently 
been  thoroughlv  cleansed  1)_\-  the  boiling  solution  of  soda  ash,  this 
method  was  (|uite  effective  for  once  or  twice  after  a  washing,  to 
restore  the  head  lost  and  for  lengthening  the  time  between  wash- 
ings.     Hut  at  other  times  its  benefit  was  less  evident. 


MECH.WICAL    I'lI.TER.S    IN    GENI'.KAE. 

Effect  of  WasJi'uig.  An  interesting  factor  in  mechanical  filtra- 
tion is  the  efi^ect  which  washing  the  filter  sand  has  on  the  character 
of  the  effluent.  The  results  in,Tal)le  No.  6  have  been  deduced  from 
observaticns  taken  at  random  under  the  natural  conditions  of  the 


i:xri-Ri.Mi-.N"r.\i.  i-ii.tI'R  im.an  r  vv  pittsiu'rgh.      243 


work  ot  Ixiih  tillers.  In  general,  the  nuniljer  of  l)cicteria  iniine- 
(liately  after  \vashin£j  was  about  five  times  as  great  as  before,  and 
(|uite  oftc'i  the  turbidity  of  the  efllueut  was  notieeabK-  greater.  It 
was  observed  tiiat  under  normal  conditions — that  is.  with  a[)|)lied 
water  of  about  the  average  nnuldiness  and  using,  directlv  after 
washing,  the  same  amoimt  of  coagulant  as  was  ordinariK   used  to 

TABLE  No.  C. 
Bacterial    Efficiency   with    Mechanical    Filters    before   and   after 

Washing. 


Calendar  Date, 

1S9S. 


Name  of  Filter, 


March   31 

April        I 

*'  I 


April 

2 

Warren 


Warren 


AvHRAGE  Bacteria  per  Cubic  Ckntimktkr  in  Effluknt. 


For 
Twenty- 
four  Hours. 


Number. 


For  One  Hour  before 
Washing. 


For  Twenty  Minutes 
after  Washing. 


Percent. 
„      ,  of  Average 

Number,   'for  Twenty- 
tour  Hours. 


Percent. 

if  Average 

jr  Twenty 

four  Hours. 


I  of  Average 
Number.    'f„r Twenty 


69 

69 

220 


" 

19 

Jewell 

April 

20 

Warren 

" 

20 

Jewell 

21 

Warren 

April 

2.3 

Warren 

May 

24 

3 

Jewell 

220 

79 
96 


32 

96 
6 


32 

54 

294 


46 

78 

134 


326 
271 
387 


473 
393 
176 


May         6 

June        2 

"  2 


June        6 

August  12 

"        13 


Jewell 
Warren 


Warren 


Average... 


15 
15 
36 

28 
105 


17 
165 
165^ 

85 


126 

57 

73 

92 

55 

57 

14 

44 

59 

bi 

4 

67 

8 

53 

51 

340 

29 

81 

6 

21 

79 

75 

60 

60 

6 
II 

166 


35 

7 

lOI 


444 

202 

160 

203 

338 

352 

233 

729 

329 

353 

38 

f33 

52 

347 

47 

3^3 

175 

486 

205 

732 

516 

491 

469 

469 

21 

124 

I,  I  So 

715 

549 

333 

63 


74 


319 


375 


secure  good  results — this  poor  condition  of  the  effluent  lasted  about 
twenty  minutes.  J  f  large  quantities  of  coagulant  were  used  directly 
after  washing — that  is,  considerably  more  than  the  average  amount 
necessary  for  good  results  with  the  given  condition  of  the  water — 
these  higher  numbers  of  bacteria  obtained  for  a  short  time  only, 
say  five  or  ten  minutes,  after  whicli  they  were  greatly  reduced. 

liffccts  of  Using  Different  Quantifies  of  Coagulant.  During 
the  months  of  May  and  June,  1897,  special  experiments  were  made 
to  (Ictcrmine  the  eftect  of  using  (i  )  large  (|uantities  of  coagulant 
aiul  {2}  no  coagulant.* 

*For  details,  sec  "Report  of  Filtration  Commission."  pages  170.  171. 
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In  general,  after  using  a  normal  amount  of  coagulant  the  effect 
of  not  iising  any  was  apparent  by  a  somewhat  turbid  effluent  aljout 
forty-five  minutes  after  siuitting  oft'  the  sup])lv  of  coagulant.  After 
two  hours  the  number  of  bacteria  was  from  one-half  to  about  the 
same  number  as  in  the  applied  water,  and  the  effluent  was  very 
much  the  same  in  appearance  as  the  applied  water.  The  time 
needed  for  a  filter  to  recover  itself  after  operation  without  coagu- 
lant, by  using  a  large  amount  ( in  this  particular  case  2.75  grains 
per  gallon  ).  was  also  about  two  hours. 

Whirl iitg  Motion.  Mr.  E.  B.  Weston,  in  his  very  interesting 
paper  on  " Mechanical  Filtration,"  presented  to  the  New  England 


TABLE  No.  7. 
Effect  of  Whirling  Motion  upon  Settling  with  Coagulation. 


Month,  189S. 


February. 
March  .... 
April 

J^iiy 

August ... 


J.^CTERiA  PER  Cubic  Centimeter. 


Applied  Water. 


9.430 
11,750 

5,000 
16,800 
15  100 


Settled  Water. 


6, 160 

3-360 

10,900 

7,550 


Jewell. 


7,190 
5,780 
3,620 
10,900 
7,780 


Averages 

II  600 

7.020 

7,050 

Amoun 

ATTER. 

Date,  iSyS. 

T   OF    SrSPENDHD    IVI 

(Parts  per  100,000. ) 

August  15 

"       29 

3  9 
2.4 

3-6 
06 

2.8 

0.8 

Averages.                 

3-1 

2  I 

I  8 

Ratio  of  Capacity  of  Settling 
Basin  to  Daily  (Quantity 

— 

0.0359 

0.0244 

Water  Works  Association,  January  lo,  itjoo,*  has  shown  that  l\v 
giving  a  whirling  motion  to  the  water  entering  the  Jewell  settling 
basin  the  precipitation  of  susi)ende(l  and  organic  matter  is  consider- 
ably increased.  So  far  as  the  writer  knows.  Table  No.  /  gives  the 
first  published  muiiei'ical  data  for  cases  where  the  same  water  was 
used,  both  with  and  without  whirling.  The  (juantities  of  coagulant 
added  to  the  two  filters  are  not  sufficiently  dift'erent  to  affect  seri- 
ously the  results  and  conclusions,  but  are.  in  general,  larger  for  the 
Warren.      It  will  be  seen  that  the  eft'ect  of  the  coagulation  in  each 

'''-Journal   of   Nci^'   England    ll'alcr    ll'orlcs   .Issociafion,    for   June,    1900, 
pages  349.  358.  359. 
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scttlinj^-  basin  is  about  the  same,  althouf^h  the  Warren  has  50  per 
cent,  greater  ca])acity  in  proportion  to  the  daily  c|uantit\-.  In  this 
settliui^-  basin  the  water  takes  a  soniewliat  uin(Hnj4-  but  (|uiet  course, 
while  in  the  Jewell  it  is  ijiven  a  rapid  whirlins^  motion. 

The  ([uantitative  and  bacterial  results  obtained  with  the  mc- 
clianical  tillers,  tabulated  1)\  months,  are  i^iven  in  ral)le  Xo.  8. 
The  avera^iies  of  the  chemical  constituents  of  the  applied  water  and 
of  the  etHuents  of  the  mechanical  filters,  also  com])ared  with  those 
of  the  sand  filters  for  the  same  seven  months,  are  t^iven  in  Table 
No.  9. 


Fni.   17.     Worms  Tii  i  '!    I'ittin(;s. 

WORMS    11  LI".    i"ii.ti-:k. 

The  ])rocess  of  water  purification  l)y  the  "W'l  irmser""  system,  as 
tried  at  Pittsburgh,  was  two-fold  :  First  a  preliminary  treatment  by 
the  addition  of  chloride  of  iron  and  removal  of  some  matter  by 
passage  through  l)roken  stone,  and.  second,  a  liltration  through  the 
tiles. 

7'/7('.s-.  The  tiles  were  made  in  (iermany.  and  were  composed 
of  sand  and  broken  glass  baked  in  a  mold.  They  were  aliout  39 
inches  s(|uare  and  4  inches  thick.  In  the  center  of  each  there  was 
a  chamber  of  alnmt  .1  cubic  foot  capacity,  in  which  the  water  col- 
lected after  filtering  through  the  sides,  big.  \~  shows  a  view  of  a 
tile  readv  to  be  ])laced  in  the  tank,  and  the  method  of  making  the 
pipe  connection  by  gasket  to  the  hole  leading  to  the  interior  of  the 
tile. 
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JVasIiing.  The  tiles  were  washed  hy  a  reverse  current  of  fil- 
tered water,  with  a  head  of  ig.5  feet  above  the  centers  of  the  tiles. 
In  washing  the  tiles,  care  was  taken  to  let  on  the  wash  water  pres- 
sure slowly,  and  to  maintain  the  flow  uniformly.  Nevertheless,  as 
soon  as  the  tiles  became  sufificiently  clogged  to  produce  a  good 
effluent  they  all  were  broken,  one  after  another,  while  being  washed. 
Fig.  18  shows  the  line  of  breakage  on  two  of  the  tiles,  and  gives  an 
idea  of  the  interior  construction. 


Fig.   18.     Wwk.M.^  Tilk.--,  JJKdKEN  in  Service. 


Results.  In  Table  Xo.  10  are  presented  the  average  bacterial 
results,  ])\-  months,  obtained  with  this  system  of  filtration.  It  will 
be  seen  that  the  tiles  themselves  do  not  appear  to  have  materially 
reduced  the  number  of  bacteria  Ixdow  those  in  the  water  flowing 
from  the  settling  tanks,  wdiich  had  been  treated  with  coagulant. 

BOILER    EXPERIMENTS. 

The  use  of  water  for  industrial  purposes  is  an  important  con- 
sideration in  Pittsburgh, or, indeed,  in  any  large  manufacturing  city. 
It  was  therefore  considered  advisable  to  learn  what  the  efl:'ect  would 
()e  of  clarifying  and  filtering  the  Allegheny  River  water  prior  to 
its  use  in  l)oilers. 

Three  new  25  H.  P.  boilers  were  kindly  loaned  by  the  (  )il  Well 
Supply  Company  for  the  purpose  of  an  experiment  in  this  line. 
Boiler  No.  i  was  supplied  with  the  eftluent  from  the  sand  filters. 
No.  2  with  the  eftluent  from  the  mechanical  filters  and  No.  3  with 
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the  unclarified  river  water.  When  these  boilers  had  been  in  ser- 
vice for  about  two  and  one-half  months  they  were  blown  off  hot. 
Samples  of  scale  were  collected,  and  an  examination  was  made  of 
the  interior  of  each.  The  results  of  the  chemical  analyses  of  the 
scales  are  given  in  the  following  Table,  No.  ii : 


TABLE  No.  iL. 

Results  of  Chemical  Analyses  of  Boiler  Scale  Samples, 

Collected  September  17,  1898. 


Parts  by  Weight. 

Boiler  and  Sample  Number. 

Items. 

I                                    2 

3 

Water  from         1         Water  from 
Sand  Filters.       jMechanical  Filters. 

Water  from 
River. 

Calcium   carbonate 

53.21              ,              27.42 
13.06                           53.88 

21;. 1^                      i2.i;8 

3-34 

0.75 

1 1  06 

Calcium  sulphate 

Magnesium   carl)onate 

Sodium   chloride 

5.74                       1.64                       0.39 
1.42                        3.64           !            16.66 
1.24           1             0.84                     67.80 

Iron  and  aluminum  oxides.... 
Insoluble  matter 

Totals  

100.00           1         100.00                   100.00 

Scale.  It  will  be  seen  that  the  scale  from  Boiler  (No.  i), 
using  the  effluent  from  the  sand  filters,  was  composed  largely  of  the 
carbonates  of  calcium  and  magnesium,  which  are  not  as  trouble- 
some as  the  sulphates.  It  was  said  that,  by  cooling  down  slowly, 
the  formation  of  this  kind  of  scale  could  have  been,  in  a  measure, 
prevented.  It  will  be  noticed,  however,  that  the  scale  from 
Boiler  (No.  2),  using  the  effluent  from  the  mechanical  filters,  was 
composed  largely  of  sulphate  of  calcium,  which  is  what  would  be 
expected  from  the  chemical  action  caused  by  the  addition  of  sul- 
phate of  alumina  to  the  water.  The  scale  upon  Boiler  (No.  3), 
using  the  unclarified  river  water,  was  soft,  and  composed  largely  of 
mud  and  insoluble  matter,  material  which  could  have  been  largely 
removed  by  judicious  blowing  out  from  time  to  time. 

The  statement  of  the  practical  boiler  mechanic  who  examined 
the  interiors  after  the  experimental  use  was  that  Boiler  No.  3  was  in 
the  best  condition.  This  problem,  however,  must  be  considered  as 
by  no  means  settled  by  such  a  limited  experiment. 


CHEMICAL    ANALYSES. 


On  the  next  few  pages  will  be  found  tables  showing,  by 
months,  the  average  chemical  results  obtained  from  the  river  water 
and  from  the  various  effluents. 
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ARBITI{ATI<)X.     ITS  PLACE  IN  OUR  PKOFESSIONAI. 

PKA<  TICE. 


By  G.  Alexaxder  A\'right,  Member,  Technical  Society  of  the 
Pacific  Coast. 


[Read  before  the  Technical  Society  of  the  Pacific  Coast,  Nov.  2,  1900.*] 

I  do  not  expect  to  be  able  to  present  for  your  consideration  this 
evening  anything  that  can  be  justly  termed  new  or  original.  My 
paper  consists  largely  of  notes  made  from  time  to  time  for  my  own 
guidance,  with  an  occasional  suggestion  based  upon  experience 
with  technical  arbitrations.  I  will  say  frankly  that  I  believe  the 
arbitration  of  disputes  connected  with  their  professional  work  is, 
and  should  be,  closely  allied  to  the  legitimate  modern  practice  of 
the  architect  and  of  the  engineer. 

If  my  attempt  to  throw  some  light  upon  this  important  subject 
results  in  an  interchange  of  thought  between  us,  the  object  of  my 
paper  will  have  been  accomplished. 

The  word  arbitration  comes  to  us  from  the  Latin  "Arbitratus" 
(to  be  a  hearer)  and  "Ar"  and  "betere"  (to  go  hence;  one  who 
goes  to  look  on).  This  method  of  determining  dififerences  between 
men  has  been  practiced  from  earliest  times,  and  distinct  references 
to  its  principles  are  found  in  the  Scriptures.  The  Amphictyonic 
Council,  organized  600  H.  C.  for  the  protection  of  the  temple  of  the 
Delphi  and  for  the  abolition  of  war,  also  proposed  the  accomplish- 
ment of  its  object  by  arbitration  very  much  as  we  know  it  to-day. 
So  well  recognized  were  these  principles  in  Greece  that  when 
Sparta  and  Argos  made  a  treaty  of  alliance  they  provided  for  settle- 
ment of  their  disputes  by  arbitration  (as  we  are  told)  according  to 
the  custom  of  their  "ancestors."  Rome,  in  the  pride  of  her  glory 
and  power,  acknowledged  the  good  side  of  arbitration  when  Pompey 
directed  the  Parthians  and  Armenians  to  regulate  their  differences 
by  this  means.  It  is  interesting  for  us  to  observe  also  that  the 
arbitration  proceedings  of  to-day  differ  but  very  little  from  those 
of  the  ancient  Greeks.  In  their  day  it  was  usual  to  make  agree- 
ments, designating  the  arbitrator,  and  also  the  matters  in  dispute. 
It  was  the  arbitrator  who  fixed  the  time  and  place  of  the  investiga- 
tion, and  he  was  solemnly  pledged  to  honestly  discharge  his  trust. 
The  "sentence"  was  also  written  out  and  deposited  in  temples  or 
other  public  places,  and  oaths  were  taken  by  the  parties  that  they 
would  execute  the  sentence  imposed. 

*Manuscript  received  November  12,  1900. — Secretarj-.  Ass'n  of  Eng.  Socs. 
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During  the  Middle  Ages  arbitrations  seem  to  have  been  more 
frequent,  yet  their  beneficial  influence  was  restrained  owing  to  the 
absence  among  the  people  of  the  idea  of  conciliation.  Happily,  in 
modern  times  arbitration  is  more  universally  appreciated  as  a  means 
of  settling  differences  of  every  kind,  from  those  of  international 
importance  to  the  adjustment  of  those  manifold  questions  which 
continually  affect  capital  and  labor.  So  general,  indeed,  is  this 
principle  that  in  some  States  even  breaches  of  contract,  trespass, 
assaults,  charges  of  slander,  differences  of  partners  and  even  breach 
of  promise  may  be  settled  by  arbitration ;  and  so  the  principle  has 
come  down  to  us  in  an  almost  unbroken  line  from  ancient  times. 

Referring  for  a  moment  to  international  arbitration,  it  is  but 
a  short  time  since  the  Emperor  of  Russia  advocated  a  national 
conference  with  the  object  of  substituting  its  principles  among 
nations  as  a  remedy  for  war.  It  should  be  a  matter  of  considerable 
pride  to  us  as  American  citizens  to  recall  the  fact  that,  since  her 
birth  as  a  nation,  the  United  States  has  ever  been  foremost  in  con- 
senting to  the  arbitration  of  questions  which  other  nations  might 
have  considered  a  justification  for  bloodshed,  and  we  find  no  fewer 
than  forty-seven  such  cases  in  a  little  over  one  hundred  years, — an 
excellent  showing  indeed.  And,  in  addition  to  arbitrating  her  own 
differences,  the  United  States  has  herself  acted  as  arbitrator  between 
other  nations  on  some  fourteen  different  occasions. 

But,  to  return,  there  are  probably  no  professions  in  which  the 
spread  of  this  principle  has,  during  recent  years,  been  greater  than 
in  connection  with  our  contract  methods  of  carrying  out  work,  and 
we  as  architects  or  engineers  may  at  any  time  be  called  upon  to 
apply  the  recognized  principles  of  the  practice  of  arbitration.  Our 
professional  literature,  however,  seems  to  be  somewhat  silent  on 
this  useful  subject.  There  are  legal  works  for  the  attorney,  of 
course,  containing  the  law  in  the  premises,  the  code  and  digests  of 
many  cases  that  have  been  heard  arising  out  of  "arbitration"  pro- 
ceedings, the  most  frequent  examples  being  the  efforts  of  parties 
wishing  to  set  aside  awards ;  but  there  is  very  little  published 
adapted  to  the  needs  of  the  layman  who  finds  himself,  for  the  first 
time,  occupying  the  position  of  arbitrator. 

Let  us  therefore  briefly  consider  the  subject  to-night  as  practi- 
cal laymen  rather  than  from  the  legal  standpoint. 

In  the  trial  of  technical  suits  there  has  never  been  a  time  when 
the  best  technical  testimony  has  been  more  sought  after  than  now, 
and  the  reason  for  this  is  not  far  to  seek.  Indeed,  the  time  is  not 
far  distant,  I  think,  when  the  courts  will  realize  the  advantage  of 
referring  such  technical  cases  entirely  to  the  professional  expert. 


ARBITRATION.  259 

This  method  is  quite  prevalent  in  older  countries,  and  it  is  of  im- 
mense advantage  to  litigants,  while  at  the  same  time  it  greatly 
facilitates  the  work  of  the  courts.  Who  is  there  among  us  who 
does  not  recall  some  technical  case  which  ought  to  have  been 
determined  by  arbitration  rather  than  by  a  suit?  Is  it  not  safe  to 
say  it  would  have  been  settled  more  quickly,  more  economically  and 
perhaps  more  satisfactorily  to  the  parties  concerned? 

Arbitration,  as  regulated  by  statute,  certainly  results  in  prompt 
and  equitable  settlements,  and  without  causing  that  bitterness  of 
feeling  between  the  parties  which  sometimes  results  in  enforcing 
their  claims  in  our  courts  of  law.  It  is  a  practical  remedy  for  long- 
continued  technical  suits,  and  can  be  applied  by  practical  men  who 
certainly  have  the  advantage  of  understanding  the  technical  points 
involved.  In  short,  it  may  be  called  the  substitution  of  reason  for 
force. 

Take  an  ordinary  case,  one  that  might  arise  any  day  in  our 
practice.  A  client,  for  example,  declines  to  pay  for  extra  work ; 
by  no  means  an  uncommon  incident.  In  such  a  case  arbitration 
may  arise  by  the  terms  of  the  contract  or  by  subsequent  consent  of 
the  parties.  Either  of  these  methods  is  better  for  the  disputants 
than  a  suit,  because  no  expense  or  loss  of  time  is  incurred  in  pre- 
paring and  waiting  for  trial.     This  is  no  small  advantage  in  itself. 

The  first  step  is  for  the  disputing  parties  to  enter  into  an 
agreement  whereby  they  consent  not  only  to  arbitrate  their  dififer- 
ences,  but  to  abide  by  the  award.  This  agreement  is  technically 
known  as  the  submission,  and  the  subsequent  award  depends 
largely  upon  its  terms  and  conditions.  Its  preparation  requires 
some  care,  and  this  is  often  attended  to  by  the  attorney  of  one  of 
the  parties  and  submitted  for  the  approval  of  the  attorney  on  the 
other  side.  But  there  is  no  reason  why  it  cannot  be  prepared  by  an 
engineer  or  an  architect,  the  same  as  he  may  prepare  his  award, 
or  a  contract,  or  specification  or  any  other  document  required  in  his 
regular  practice,  provided  the  submission  ]ye  in  accordance  with 
Section  1283,  Code  of  Civil  Procedure.  Assuming,  however,  that 
the  submission  is  best  prepared  by  the  attorney  of  one  side,  I  have 
found  it  no  disadvantage  for  the  arbitrators  to  be  acquainted  with 
the  fundamental  principles  involved,  and  it  is  these  only  with  which 
we  are  now  dealing.  But  the  essential  point  involved  in  this  ques- 
tion of  arbitration  is  not  so  much  in  the  technical  knowledge  neces- 
sary to  prepare  a  sul)mission  as  it  is  to  so  present  the  facts  to  dis- 
puting clients  and  others  that  they  shall  prefer  arbitration  in  place 
of  resisting  technical  claims  in  the  courts.  Indeed,  I  do  not  think 
professional  ethics  vvould  be  violated  if  at  every  suitable  opportunity 
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we  were  to  give  ])roniinence  to  the  advantages  of  arbitration  over 
actions  at  law  in  matters  of  technical  dispute. 

The  submission  must  be  in  writing,  and,  if  proceeding  under 
the  provisions  of  the  Code  of  Civil  Procedure,  it  may  be  entered  as 
an  order  of  the  Superior  Court.  This  is  done  by  filing  the  document 
with  the  clerk  of  the  county  in  which  one  of  the  parties  resides. 
In  San  Francisco  the  filing  fee  is  $6.00.  A  note  of  the  filing  of  the 
submission  must  thereupon  be  entered  by  the  county  clerk  in  the 
Register  of  Actions,  as  held  in  the  case  of  Kettleman  vs.  Treadway, 
65  Cal.  505.  The  mere  authority  to  file,  without  the  act.  is  in- 
sufficient, but  by  inspecting  the  Register  of  Actions  an  arbitrator 
may  always  satisfy  himself  that  this  has  been  done.  The  entry 
should  contain  the  necessary  particulars, — for  example,  the  names 
of  the  arbitrators  and  the  time  limited  by  the  submission  (if  any) 
within  which  the  award  must  be  made.  After  such  entry  has  been 
made  a  submission  cannot  be  revoked  without  the  consent  of  both 
parties.  But  in  the  case  of  the  California  Academy  of  Sciences  vs. 
Fletcher,  99  Cal.  207,  it  would  appear  that  the  word  "thereupon" 
does  not  necessarily  mean  "immediately,"'  for  in  this  case  such 
entry  was  not  completely  made  until  nineteen  days  after  the  award 
was  made  and  filed;  but  it  was  held  that  jurisdiction  did  exist  to 
enter  judgment  upon  the  award,  which  was  done.  We  see,  there- 
fore, that  the  submission  may  be  filed  at  any  time  before  judgment 
is  entered  upon  the  award. 

In  a  geneial  way  any  person  legally  capable  of  making  a  con- 
tract may  submit  controversies  to  arbitration,  but  it  must  be 
remembered  that  a  single  partner  cannot  bind  his  co-partners  to 
arbitration  unless  his  co-partners  have  wholly  abandoned  the  busi- 
ness to  him,  or  are  incapable  of  acting  (Sec.  2430,  C.  C.  P.).  The 
case  of  Jones  z's.  Bailey,  5  Cal.  345,  has  a  good  decision  on  this  point. 

Arbitrators  should  allow  a  reasonable  time  when  fixing  a 
date  of  hearing,  in  order  that  both  sides  ma}-  be  ready  to  present 
their  respective  claims  and  testimony. 

Should  either  side  wish  to  be  represented  by  counsel  before  the 
Board  of  Arbitration,  it  would  be  proper  to  notify  the  other  side  of 
such  intention ;  and,  although  arbitrators  are  not  bound  to  hear 
counsel,  it  would  scarcely  seem  to  be  right  to  refuse  to  do  so.  In 
such  cases  especially  the  attendance  of  a  stenographer  is  desirable 
to  take  verbatim  notes  of  the  proceedings. 

Although  not  compulsory,  I  have  found  it  a  good  plan  to  have 
a  schedule  of  the  specific  matters  in  difiference  made  part  of  the 
submission.  This  prevents  the  possible  importation  of  other  mat- 
ters by  the  parties  during  the  hearing,  a  practice  which,  if  permitted, 
always  causes  unnecessary  discussion  and  loss  of  time. 
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A  disputant  may  noininato  any  person  as  his  arbitrator,  for 
every  person  has  the  right  to  seleet  whom  he  pleases  for  his  private 
judge;  but  in  seeking  to  take  the  l)enefit  of  his  right  to  arbitration 
he  should  use  discretion  and  judgment,  such  as  might  be  displayed, 
for  example,  in  the  selection  of  a  juryman. 

In  matters  of  accounts  mercantile  men  are  often  selected;  in 
other  cases  attorneys ;  in  others  architects  or  engineers,  and  so 
forth,  according  to  the  nature  of  the  subject-matter  in  dispute. 
An  arbitrator's  chief  qualifications  are  good  juugment,  impartiality, 
clear-headedness  and  patience.  He  should  be  absolutely  free  from 
bias  or  feeling  in  act  and  expression.  If  he  is  unfriendly  in  the 
slightest  degree  toward  the  party  on  the  opposite  side,  it  would  be 
better  for  him  not  to  act.  Should  the  parties  happen  to  be  either 
his  creditors  or  debtors,  that  alone  need  not  prevent  his  acting. 
He  should  not  accept  any  favors,  nor  even  any  part  of  his  legitimate 
fees  prior  to  the  award.  Such  acts  are  liable  to  misconstruction, 
although  done  in  the  best  of  good  faith.  Disputants  should  beware 
of  nominating  as  arbitrator  persons  known  to  be  prejudiced  in 
their  favor,  or  whose  minds  are  already  made  up  regarding  any  of 
the  matters  in  difference.  No  honest  arbitrator  would  act  under 
such  conditions.  Indeed,  in  such  a  case  the  subsequent  proceedings 
would  become  a  farce  instead  of  a  benefit. 

Above  all,  his  mind  should  at  all  times  be  open  to  honest  con- 
viction, any  disposition  to  stubbornness  or  laxity  being  carefully 
avoided.  In  short,  much  depends  upon  the  judgment  and  broad- 
mindedness  of  an  arbitrator. 

Having  been  appointed  and  named  in  the  submission  signed 
by  both  parties,  the  arbitrator's  first  duty  is  to  qualify  before  an 
officer  authorized  to  administer  oaths,  by  declaring  that  he  will 
faithfully  and  fairly  hear  the  allegations  and  evidence  and  make  a 
just  and  true  award  according  to  his  understanding;  and  the 
umpire,  when  appointed  by  the  arbitrators,  will  also  make  similar 
oath. 

Regarding  the  "powers"  of  arbitrators,  they  occupy  a  similar 
position  to  those  of  judges  of  the  Superior  Court,  the  principal 
exception  being  that  they  are  without  contempt  powers.  They 
should  endeavor  as  far  as  possible  to  arrive  at  correct  conclusions 
by  the  same  rules  as  would  have  governed  the  court  for  which  they 
have,  for  the  time  being,  been  substituted.  The  exact  terms  of  the 
submission  must  be  closely  followed,  and  its  specific  language  com- 
plied with.  Arbitrators,  however,  are  neither  expected  nor  com- 
pelled to  follow  court  methods  exactly.  Indeed,  if  the  award  is 
an  equitable  decision,  made  in  good  faith,  the  actual  law  in  the 
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case  may  be  disregarded,  and  the  award  would  not  necessarily  be 
thereby  rendered  invalid  and  void ;  but,  if  it  can  be  shown  that  the 
arbitrators  intended  to  decide  according  to  law  and  that  thev  were 
in  error,  then  the  court  might  set  aside  the  award. 

It  is  the  arbitrators'  duty  to  appoint  a  time  and  place  of  hear- 
ing; to  notify  the  parties  thereof;  to  adjourn  as  often  as  necessary; 
to  administer  the  oath,  and,  above  all,  they  must  act  "together,"  and 
not  individually,  in  all  things.  The  majority  may  determine  any 
question.  In  other  words,  two  may  do  any  legal  act  authorized  by 
the  terms  of  the  submission  that  three  may  do.  They  must  decide 
on  all  the  controversies  submitted,  omitting  to  consider  nothing 
and  leaving  nothing  in  doubt  or  undecided.  They  must,  of  course, 
hear  evidence  on  both  sides.  Lord  Eldon,  the  eminent  jurist,  once 
said,  "By  the  great  principles  of  eternal  justice  (which  is  before  all 
acts,  regulations  and  proceedings  of  court),  it  is  impossible  that  an 
award  can  stand  where  arbitrators  hear  one  side  and  decline  to  hear 
the  other."  I  think  the  case  of  Curtiss  vs.  City  of  Sacramento, 
62  Cal.  102,  presents  an  interesting  point.  It  is  an  application  to 
set  aside  an  award  on  the  ground  that  no  opportunity  was  given  the 
parties  to  submit  evidence,  and,  briefly,  the  point  arose  in  this  way: 
Two  arbitrators  met,  without  a  third,  and  took  testimony;  the 
third  one  arrived  at  a  decision  by  reading  over  the  notes  of  the 
evidence  without  being  present  when  it  was  given.  It  was  held 
that  the  award  was  invalid  and  void.        — 

The  duties  of  the  arbitrator  must  not  be  delegated  to  another. 
If,  however,  the  opinion  or  knowledge  of  any  person  (for  example, 
an  independent  attorney)  is  necessary  to  "confirm"  the  understand- 
ing of  an  arbitrator,  it  is  allowable  to  obtain  such  assistance,  but 
the  greatest  possible  care  must  be  taken  not  to  blindly  follow  such 
person's  opinion  or  knowledge.  Again,  in  the  same  wa}',  it  is  cus- 
tomary for  an  arbitrator,  when  necessary,  to  consult  with  outside 
parties  regarding,  for  example,  matters  of  construction  or  prices, 
but  it  must  be  for  the  purpose  only  of  fortifying  his  own  opinion. 
This  also  should  be  done  with  caution,  for,  as  a  matter  of  principle, 
it  is  dangerous  to  go  outside  for  evidence,  and  perhaps  it  is  safer, 
after  all,  to  obtain  opinions  by  placing  such  parties  upon  the  witness 
stand  in  the  regular  way. 

Each  arbitrator  should  carefully  study  every  detail  of  his  case, 
however  small,  bearing  in  mind  "precedents,"  trade  customs,  etc., 
if  any  exist,  and  leaving  nothing  to  chance.  Still,  arbitrators  must 
remember  that  they  are  judges,  not  advocates,  of  the  parties.  I 
have  met  inexperienced  arbitrators  whose  sole  idea  of  their  duty 
seemed  to  be   to  advocate   for  and   to  take   everything  in   sight. 


ARBITRATION.  263 

regardless  of  equity  and  justice.  But  this  is  not  arbitration.  It  is 
a  direct  violation  of  the  arbitrator's  oath  to  hear  fairly  the  allega- 
tions and  to  make  a  just  and  true  award  according  to  his  under- 
standing. 

In  some  "suI)missions"  I  have  seen  a  clause  to  the  effect  that 
the  parties  agree  not  to  appeal  from  the  award,  but  this  does  not 
of  course  prevent  the  court  from  exercising  its  jurisdiction  if 
occasion  demands. 

My  knowledge  of  the  statutes  is  insufficient  to  warrant  my  say- 
ing that  the  Legislature  intended  an  arbitrator's  award  to  be  abso- 
lutely final  and  beyond  appeal  (except,  of  course,  for  fraud),  but 
I  think  such  was  the  original  intention,  and  I  would  certainly  be  in 
favor  of  an  amendment  making  it  so. 

Now  let  us  consider  the  matter  of  the  third  party,  or  umpire. 
Provision  is  made  in  the  arbitration  clause  of  many  contracts  that 
if  the  two  arbitrators  cannot  agree  they  shall  then  select  a  third  to 
act  with  them.  It  has  been  held  in  Dudley  vs.  Thomas,  23  Cal.  365, 
that  arbitrators  duly  qualified  may  appoint  the  umpire  at  any  time, 
and  it  would  therefore  appear  that  it  is  quite  unnecessary  to  defer 
the  appointment  of  umpire  until  disagreement  between  the  two 
arbitrators  occurs,  although  this  may  be  so  stipulated  in  a  contract 
agreement.  At  any  rate,  it  is  found  to  be  a  bad  and  inconvenient 
condition  in  actual  arbitration  practice,  and  it  is  better  and  proper, 
in  my  opinion,  for  the  umpire  to  be  selected  immediately  after  the 
arbitrators  and  before  the  investigation  is  commenced.  A  con- 
venient arrangement  is  for  him  to  act  as  chairman  of  the  commis- 
sion. By  so  doing  he  has  the  opportunity  not  only  of  hearing,  but 
of  directing  the  presentation  of  testimony  from  the  commencement 
of  the  proceedings;  and  he  is  thus  enabled  to  render  his  decisions 
without  putting  witnesses  on  the  stand  twice  over,  which  would 
otherwise  be  necessary  if  the  two  original  arbitrators  were  unable 
to  agree. 

The  umpire  should  refrain  from  voluntarily  joining  in  any 
discussion  between  the  arbitrators  in  their  efforts  to  agree,  his  duty 
being  to  decide  if  they  cannot  agree.  Arbitrators  should  not  per- 
mit parties  to  a  submission  to  influence  them  in  the  nomination  of 
persons  to  act  as  umpire.  The  selection  lies  with  the  arbitrators 
alone,  and  it  makes  no  difference  whether  the  parties  are  satisfied 
with  such  selection. 

It  may  be  also  well  to  remember  that  an  umpire  must  be 
"selected,"  and  his  appointment  should  be  in  writing  by  agreement 
between  the  arbitrators.  But  he  should  not  be  chosen  by  drawing 
lots  or  bv  the  tossing  up  of  a  coin,  a  method  which  I  have  known  to 
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be  suggested  when  the  names  of  two  or  more  equally  eligible 
parties  have  been  named  for  umpire.  A  case  sometimes  occurs  in 
which  arbitrators,  although  acting  in  perfectly  good  faith,  are  un- 
able to  agree  upon  a  third  party,  and  I  am  unaware  of  any  power 
of  the  courts  to  compel  arbitrators  to  agree  on  an  umpire.  Not  so 
long  ago  I  had  a  case  of  this  kind  in  my  own  practice.  The  condi- 
tions were  such  that  it  was  impossible  to  agree  upon  an  umpire. 
My  co-arbitrator  was  inexperienced  and  stubborn.  The  arbitration 
was  abandoned.  Suit  followed,  and  in  due  course  judgment  was 
rendered  in  favor  of  my  co-arbitrator's  side,  but  for  about  one-third 
of  the  amount  which,  I  feel  sure,  would  have  been  awarded  by 
arbitration.  This  is  a  good  illustration  of  the  effect  of  stubborn- 
ness on  the  part  of  an  arbitrator. 

Touching  upon  the  subject  of  evidence,  all  witnesses  must  of 
course  be  sworn.  Plans,  specifications,  correspondence,  etc.,  should 
always  be  identified  by  testimony  and  numbered  as  exhibits  before 
being  admitted  as  evidence.  Memoranda  made  in  books  by  one  of 
the  disputants  stand  in  very  much  the  same  light  as  heresay  evi- 
dence, and  should  be  accepted  with  reserve,  for  nothing  can  prevent 
any  one  from  making  entries  exactly  to  suit  his  case.  Such  entries 
may  be  used,  however,  by  the  opposite  party  if  so  desired. 

A  jury  is  very  apt  to  attach  undue  importance  to  a  large  number 
of  witnesses,  but  a  few  good  men  of"  known  reputation  are  more 
convincing  to  technical  arbitrators,  for  they  have  the  necessary 
skill  and  judgment  to  be  able  to  decide  for  themselves  just  what 
portion  of  such  evidence  they  may  justly  accept  or  reject.  This, 
I  tliink,  is  a  strong  argument ;  not  only  in  favor  of  arbitration  itself, 
but  in  favor  of  technical  arbitration  occupying  its  proper  place 
as  a  branch  of  our  professional  work. 

A  few  words  about  the  award.  When  all  the  testimony  is  in 
and  the  controversies  are  decided,  the  arbitrators  prepare  their 
award,  usually  in  writing,  although  a  verbal  award,  in  other  respects 
good,  would  not  be  invalid. 

It  is  usual  to  recite  from  the  submission  the  authority  for  the 
investigation,  and  other  points  essential  to  clearness.  The  award 
should  preferably  be  written  by  the  arbitrators,  or  one  of  them, 
and  not,  for  example,  by  the  attorney  of  one  of  the  parties.  It  must 
be  definite,  unmistakable  and  conclusive  in  its  language.  The  ex- 
pression sometimes  used  by  arbitrators,  "We  propose  that  such  a 
thing  should  be  done,"  is  ambiguous,  and  should  not  be  employed. 
"We  direct"  is  much  to  be  preferred. 

The  award  must  not  only  state  the  amount  of  money  due  from 
one  party  to  the  other,  but  it  should  direct  its  payment  and  when  it 


.\KIUTRAT1()N.  265 

is  to  be  paid,  otherwise  non-payment  would  not  constitute  a  dis- 
obedience of  the  award.  It  should  conform  to  the  terms  of  the 
submission,  and  deal  only  with  the  specific  matters  of  controversy, 
and  nothing-  more  nor  less.  It  should  state,  moreover,  that  all  the 
evidence  has  been  heard,  and  that  all  disputed  matters  have  been 
determined  and  closed ;  otherwise  the  award  is  liable  to  be  held 
defective  and  to  be  set  aside.  The  greatest  care  is  necessary  in 
writing  out  the  award,  for  it  cannot  be  legally  altered  by  the  arbi- 
trators even  to  correct  errors.  Any  corrections  so  made  will  be 
void,  and  the  language  originally  written  will  stand  good.  The 
court  may,  however,  on  motion,  correct  or  modify  an  award  upon  a 
proper  showing,  as,  for  example,  in  the  case  of  a  miscalculation  of 
figures. 

Arbitrators  are  not  required  to  give  details  of  their  figures, 
nor  reasons,  nor  explanations  for  arriving  at  their  conclusions  any 
more  than  judges  of  the  court  are  required  to  do  such  things. 
Comments  or  discussions  thereon  with  the  parties  or  their  acquaint- 
ances are  best  avoided. 

If  the  submission  has  been  filed  with  the  county  clerk,  the 
award  must  also  be  filed  and  a  note  thereof  made  in  the  Register  of 
Actions,  in  order  that  the  award  may  be  entered  as  a  judgment  or 
order  of  the  court. 

An  award  may  be  set  aside  if  serious  irregularities  can  be 
shown, — for  example,  corruption,  fraud,  gross  error  or  material 
irregularity ;  refusing  to  postpone  a  hearing,  or  acting  in  such  a  way 
that  the  rights  of  the  parties  were  prejudiced.  But  an  award  can- 
not be  impeached  solely  as  being  contrary  to  law  and  evidence 
(see  Carsley  vs.  Lindsay,  14  Cal.  394).  This  is  a  good  point  to 
bear  in  mind.  I  remember  a  recent  case  in  which  one  of  three 
arbitrators  declined  to  sign  the  award,  upon  the  ground  that  it  was 
contrary  to  the  evidence,  and  he  filed  a  minority  report  to  this 
efifect.  But  it  will  be  seen  that  this  proceeding  would  have  been  of 
little  or  no  value  in  any  attempt  to  impeach  the  award.  As  a 
general  thing  I  think  it  is  better  not  to  make  a  "minority"  report, 
notwithstanding  an  arbitrator  may  not  be  able  to  conscientiously 
agree  to  the  award.  Where  it  is  possible  to  do  so,  it  is  better  for 
all  the  arbitrators  to  unite  and  sign  the  award.  I  believe  that  even 
an  attempt  to  set  aside  an  award  on  the  ground  of  refusing  to  hear 
certain  evidence  has  been  overruled,  but  I  am  unable  for  the  moment 
to  cite  the  case. 

The  reason  for  the  foregoing  seeming  strictness  exhibited  by 
the  courts  in  reference  to  arbitrations  is  because  arbitration  is  a 
purely  statutory  proceeding,  and  there  can  be  no  doubt  whatever 
that  the  statute  must  be  closely  followed. 
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Having'  touched  upon  the  fundamental  principles  regulating 
arbitration,  let  us  proceed  to  consider  its  advantages,  especially  in 
regard  to  those  technical  disputes  which  come  under  our  observa- 
tion as  engineers  and  architects. 

A  court  trial  dilTers  of  course  from  one  held  before  technical 
judges.  In  the  former  witnesses  are  always  entitled  to  be  con- 
sidered as  truthful  until  proved  to  be  otherwise.  The  court  knows 
nothing  personally  of  the  "weight"  which  might  reasonably  be 
attached  to  their  technical  testimony  beyond  what  appears  on  the 
face  of  the  evidence ;  whereas  technical  or  trade  witnesses  testify- 
ing before  a  technical  tribunal  would,  in  all  probability,  be  per- 
sonally known  by  one  or  more  of  them,  and  their  reputations  could 
be  considered ;  and,  such  arbitrators  being  personally  familiar  with 
the  subject-matter  of  such  testimony,  could  make  allowances,  and 
estimate  such  evidence  at  its  proper  value. 

Again,  expert  and  also  trade  testimony  in  court  have  been 
known  to  dififer  considerably,  but  technical  arbitrators  would,  of 
their  own  experience,  understand  such  matters  and  be  able  to  dis- 
cover reasons  for  such  differences  or  errors  and,  as  I  have  stated, 
to  make  due  allowances  therefor. 

Another  advantage  is  that  the  hour  and  place  of  hearing  may 
in  some  measure  be  fixed  to  suit  the  convenience  of  the  parties  and 
their  witnesses.  This  concession  cannot  of  course  be  obtained,  nor 
expected,  from  the  courts. 

Sometimes  it  happens  that  neither  the  court  nor  disputants' 
attorneys  are  sufficiently  acquainted  with  the  true  interpretation  of 
drawings,  details,  specifications,  etc.,  nor,  indeed,  with  much  of  the 
technique  appertaining  to  our  professional  work,  nor  can  it  be 
expected  that  they  should  be.  And  so  it  happens  that  we  some- 
times hear  of  the  details  of  technical  cases  being  insufficiently 
understood  by  both  court  and  counsel  during  a  trial.  And  although 
a  verdict  under  such  conditions  may  be  a  just  one.  as  far  as  the  lazv 
is  concerned,  it  may  not  be  "equity,"  viewed  in  the  customary 
technical  light  of  practical  minds. 

Then,  as  regards  quick  settlement  of  technical  cases  and  costs, 
I  submit  tliat  the  best  results  are  usually  obtained  by  early  arbitra- 
tion, when  all  the  matters  are  still  fresh  in  the  minds  of  all  parties 
and  of  their  witnesses.  Indeed,  this  very  point  has  recently  been 
brought  forcibly  to  my  attention,  for  during  the  time  in  which  I 
was  engaged  in  preparing  this  paper  I  was  subpoenaed  to  give 
testimonv  in  a  suit  regarding  the  quantity  of  certain  work  done  in 
a  building  not  far  from  here^  and  I  found  that  the  dispute  had 
extended  over  three  years,  although  the  amount  of  the  claim  was 
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only  ahuut  four  humlrcd  dollars.  But  if  the  matter  had  been 
arbitrated  three  years  ago  a  saving  of  time  and  money  would  have 
been  effected,  and  probably  without  producing  strained  relations 
on  cither  side. 

Then,  again,  in  arbitralinu  there  is  more  ojJpdriunitN-  and  lati- 
tude for  producing  rebuttal  evidence,  but  in  court,  if  the  best  and 
strongest  testimony  be  not  produced  according  to  the  rules  of  the 
court,  the  opportunity  of  doing  so  may  be  lost.  Again,  there  is  less 
risk  of  one  side  being  overthrown  by  "surprise"  testimony,  as  occurs 
sometimes  in  court.  Technical  arbitrators  have  a  way  of  getting 
down  into  the  facts.  They  go  at  once  to  the  very  essence  of  the 
dispute,  and  are  hampered  neither  by  court  rules  nor  1)y  precedent. 
In  short,  they  get  at  the  facts,  and  are  able  to  render  judgment 
accordingly  in  a  common-sense,  practical  manner. 

It  is  only  right  perhaps  that  I  should  refer  to  one  or  two  of  the 
objections  which  one  occasionally  hears  against  arbitration.  I  have 
heard  it  alleged  that  arbitrators  may  be  uncertain  judges,  admitting 
evidence  of  a  certain  nature  at  one  time  and  rejecting  it  at  another. 
It  is  sometimes  said  that  arbitrators  are  liable  to  be  inconsistent 
regarding  the  weight  of  evidence  submitted,  or  that  they  may  be 
very  firm  and  hard  to  convince  to-day  and  unnecessarily  yielding 
to-morrow,  and  so  on.  But  these  objections  do  not  hold  good,  I 
think,  where  arbitrators  have  had  the  advantage  of  experience.  I 
have  heard  it  stated  that  arl)itration  is  good  provided  there  are  per- 
fect arbitrators,  but  would  it  not  be  equally  reasonable  and  con- 
vincing to  say  that  the  courts  are  good  provided  every  judge  is 
perfect?  And  it  is  doubtful  whether  his  honor  himself  could 
maintain  that  this  condition  has  always  existed,  though  it  is  very 
far  from  my  intention  to  suggest  the  least  disrespect  to  the  honor- 
able and  painstaking  judges  of  our  courts. 

It  of  course  happens  sometimes  that  both  parties  to  an  arbitra- 
tion are  no  more  satisfied  with  an  award  than  others  may  be  with  a 
court  decision.  This  often  arises  from  a  misunderstanding  or 
lack  of  knowledge  as  to  the  real  objects  of  arbitration.  Occasion- 
ally one  meets  those  who  cherish  a  grievance  unless  they  are 
awarded  the  whole,  or  nearly  so,  of  whatever  they  choose  to  claim. 
But  such  cases  are  very  rare,  and  they  in  no  way  affect  the  great 
principle, — viz,  the  undoubted  advantage  of  the  application  of 
arbitration  to  technical  disputes.  As  a  general  rule  I  find  fair- 
minded  and  reasonable  persons  are  not  only  satisfied  with  awards, 
but  heartily  glad  to  get  their  dift'erences  so  quickly  adjusted  and  off 
their  minds  without  resorting  to  an  action  at  law.  While  it  is  true 
that  some  contract  agreements  provide  for  arbitration  of  disputes 
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between  the  actual  parties  to  such  contract,  this  provision  does  not 
of  course  provide  for  settlement  of  any  disputes  that  may  arise 
between  other  parties,  and  which  do  arise;  and  we  have  but  to 
refer  to  the  court  calendar  to  see  how  frequently  such  technical 
cases  are  taken  into  court. 

Having  now  touched  briefly  upon  the  fundamental  principles 
of  arbitration,  I  may  be  excused  perhaps  for  presenting  for  your 
consideration  one  or  two  thoughts  that  have  occurred  to  me  in 
regard  to  the  settlement  of  those  differences  wdiich  affect  the  engi- 
neer and  architect,  the  contractor  and  the  client. 

First.  Arbitration  is  perhaps  one  of  the  most  practical  of 
subjects  in  the  statutes.  /\  practical  man  can  understand  and 
readily  apply  its  fundamental  principles ;  a  further  knowledge  of 
which  might  well  form  a  part  of  our  professional  training,  enabling 
us  to  occupy  with  better  advantage  the  position  of  technical 
arbitrator  when  the  necessities  of  our  practice  require  it. 

Second.  1  would  even  favor  compulsory  arbitration  of  all 
technical  or  trade  disputes,  believing  that  the  interests  of  all  can 
best  be  served  by  its  adoption.  Take,  for  example,  the  differences 
whicli  will  sometimes  arise  between  the  professional  man  and  his 
client.  Most  of  us  know  something  of  the  uncertainty  of  sub- 
mitting such  differences  in  court  to  a  jury  of  laymen.  Such  matters 
should,  I  think,  be  invariably  adjusted  by  technical  men  who  are 
familiar  with  what  is  right  and  proper  in  such  cases. 

Third.  It  would  seem  to  me  to  be  an  important  advantage  to 
technical  disputants  and  a  relief  to  the  court  calendar  and  practice 
if  a  permanent  technical  court  or  tribunal  could  be  established, 
where  all  cases,  such  as  occur  in  the  work  of  the  engineer  and 
architect,  might  be  referred  and  be  quickly  determined  beyond 
appeal  by  technical  men  along  arbitration  lines;  or,  if  this  should 
be  considered  too  sweeping  a  change  in  our  judiciary  methods,  then 
perhaps  a  particular  judge  might  be  set  apart  and  be  given  a  special 
court  to  try  (in  conjunction  with  technical  advisers  who  would  sit 
in  bank  with  him)  the  particular  classes  of  cases  under  considera- 
tion. These,  gentlemen,  are  merely  suggestions  which  I  offer  as 
being  possible  remedies  for  existing  conditions,  and  which  are 
known  to  be  capable  of  improvement  by  those  of  us  who  have  had 
experience  with  technical  trials  in  courts  of  law. 

In  conclusion,  I  hope  I  have  not  detained  you  too  long.  If  my 
enthusiasm  has  led  me  into  saying  too  much,  it  is  because  I  believe 
in  my  subject,  believe  in  its  equity  and  believe  it  to  be  the  quickest 
and  most  inexpensive  process  for  settling  those  vexatious  technical 
disputes  which  sometimes  arise.  These  are  also  my  reasons  for 
believing  that  arl)itration  has  its  place  in  our  modern  professional 
practice. 
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By  RniiKRT  S.  TTai.k,  MKNini-K  Boston  Sociktv  of  Civil  r,N<;ii\EER>. 


[Read  before  the  Society.  October  17,  1900.*] 
The  following-  paper  descrihes  tlu'  solution  of  a  problem 
occurring  in  a  small  water-supply  plant.  The  ])roblem  has  been 
solved  satisfactorily  I)y  the  use  of  an  air-tight  siphon  at  a  cost  of 
about  $250,  as  against  a  cost  of  several  thousand  dollars  which 
would  have  been  inciuTed  if  the  pipe  had  been  laid  to  grade,  or  as 
against  less  efficient  service  together  with  an  annual  cost  of 
nearly  $100  if  an  air  cliamber  had  l)een  provided  and  kept  free 
of  air  by  a  ])nmp.  While  the  solution  is  simple,  it  was  not  re- 
ferred to  in  the  text-books  or  reference  books  which  I  consulted, 
nor  was  it  thought  i)racticable  1)\'  a  numl)er  of  engineers  with 
whom  I  talked  the  matter  over.  A  description  may  therefore 
prove  of  interest. 

The  Hee  Hive  Mountain  .\(|ueduct  Company  is  a  private 
company  supplying  seven  Ik^uscs  and  four  barns  at  Schooner 
Head,  Bar  Harbor,  Maine.  The  works  supply  also  a  private 
golf  course  and  a  number  of  lawns,  requiring  a  good  deal  of  w-ater 
for  sprinkling.  The  supply  is  taken  from  a  small  pond  at  about 
400  feet  above  sea  level.  Close  to  the  poml  is  a  ridge  about  200 
feet  wide,  rising  to  12  feet  above  the  level  of  the  pond,  through 
or  over  which  the  water  must  be  carried  to  the  houses.  These  are 
from  20  to  100  feet  above  sea  level,  or  an  average  of  about  350 
feet  below  the  level  of  the  pond. 

The  houses  are  inhabited  only  during  warm  weather,  and 
this  fact  obviated  any  necessity  of  burying  the  pipes.  The  first 
installation  consisted  of  a  2-inch  galvanized  iron  pijie.  with  >crew 
joints,  laid  over  the  ridge.  This  siphoned  the  water  over  the 
ridge  and  woidd  work  satisfactorily  for  a  few  hours,  after  which 
time  the  sij)hon  would  break.  Two  or  three  of  the  plumbers  at 
Bar  Harbor,  including  the  one  who  laid  the  first  pipe,  took  turns 
in  taking  contracts  to  keep  the  siphon  in  operation  for  the  sea- 
son, but  the  only  successful  method  was  to  open  a  waste  pipe 
about  200  feet  below  the  level  of  the  ridge.  This  waste  i)ipe  gave 
a  continuous  flow  through  the  siphon,  and  the  result  was  satis- 
factory so  far  as  the  supi)ly  of  water  at  Schooner  Head  was  con- 
cerned. The  method,  however,  involved  an  excessive  waste  of 
water,  which  lowered  the  level  of  the  pond  to  an  undesirable 
amount  and  reduced  the  available  pressure  at  the  houses. 

*Manuscript  received  November  24.  1900. — Secretary.  Ass'n  of  Eng.  Socs. 
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Among  the  other  means  which  were  tried  to  keep  the  siphon 
in  operation  were: 

1.  The  use  of  foot  valves  at  the  pond. 

2.  The  use  of  a  vent  on  the  dehvery  side,  in  order  to  pre- 
vent air  backing"  up  to  the  top  of  the  siphon. 

3.  Taping  the  joints  of  the  pipe  with  electric  tape.  This 
kept  the  siphon  in  operation  eleven  days,  when  the  supply  failed. 
The  joints  were  retaped  and  the  siphon  restarted,  after  which  it 
held  three  days  and  then  failed  again.  After  that,  taping  the 
joints  seemed  to  have  no  efit'ect. 

4.  Tarring  the  joints.  This  could  not  be  well  done,  as  the 
pipe  could  not  easily  be  heated  before  applying  the  tar. 

After  the  plumbing  contractors  of  Bar  Harbor  had  tried  for 
several  years  to  keep  the  siphon  in  operation  without  the  waste  of 
water  due  to  the  drip,  the  matter  was  referred  to  a  committee 


consisting  of  Mr.  G.  T.  Francis,  Mr.  R.  W.  Hale  and  myself.  Mr. 
W.  L.  Pierce,  a  contractor  of  Bar  Harbor,  was  anxious  to  try  a 
lead  pipe  for  the  siphon,  while  some  of  the  directors  of  the  com- 
pany desired  to  cut  through  the  ridge.  On  obtaming  estimates 
of  cost,  it  appeared  that  it  would  cost  about  $6000  to  cut  through 
the  ridge  (which  was  all  rock),  and  about  $250  to  lay  a  i-incli  lead 
pipe.  It  also  appeared,  from  the  study  of  the  means  i)reviously 
tried  for  keeping  the  siphon  in  operation,  that  the  failures  were 
due  to  indraft  of  air  through  the  joints  of  the  iron  pipe,  which 
would  not  occur  if  lead  pipe  with  wiped  joints  were  used.  That 
the  trouble  was  due  to  air  leaks  at  the  joints  was  indicated  also 
bv  the  fact  that  the  jomts  all  leaked  when  put  under  water  pres- 
sure. 

The  conuuittee,  therefore,  reported  in  favor  of  a  lead  pipe, 
and  this  was  put  in  last  spring,  water  being  turned  into  it  on 
April  c).  The  siplion  has  held  continuously  from  that  day  to 
October  17,  the  date  of  writing,  without  lireaking  and  without 
waste.     The  result  is  a  complete  success,  and  the  level   ol   the 
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pond  is  liatuUy  appreciably  lowered  by  the  use  of  the  water,  in- 
stead of  being  lowered  several  feet  as  in  former  years  (on  account 
of  the  waste  pipe).  The  pressure  at  the  houses  is  hig-her  than 
ever  before,  since  the  loss  of  head  due  to  replacing  500 
feet  of  2-inch  iron  pipe  with  i-inch  lead  pipe  is  less  than  was  the 
loss  of  head  due  to  the  waste  pipe  formerly  kept  open. 

The  present  arrangement  of  the  pipes  is  as  shown  in  the 
sketch. 

A  portion  of  the  old  2-incli  iron  i)i])e,  some  200  feet  long, 
serves  as  a  vent  to  get  rid  of  any  air  carried  over  from  the  pond. 
See  figure. 

A  rough  estimate  of  the  delivery  of  the  siphon  was  made  by 
placing  the  end  of  the  lead  pipe  horizontal  (by  spirit  level)  and 
measuring  the  fall  of  the  jet  below  this  level  in  a  given  distance. 

The  computations  showed  a  friction  coefficient  of  0.032  where 
Merriman's  tables  give  0.029.  This  agreement  is  closer  than 
can  be  expected  for  such  rough  measurements,  and  it  is  safe  to 
say  that  the  pipe  delivers  nearly  the  same  cpiantity  that  it  would 
if  there  were  no  siphon. 

When  the  lead  ])ipe  was  delivering  from  its  lower  end  into 
the  air  it  was  noticed  that  every  few  seconds  a  bubble  of  air  came 
over  from  the  pond.  This  may  have  been  due  to  an  air  leak  at 
some  point,  or  to  air  that  was  given  ofif  from  the  water  at  the 
top  of  the  siphon  at  less  than  atmospheric  pressure,  and  that  had 
not  had  time  to  redissolve.  The  latter  is  the  more  probable 
cause,  since  a  leak  would  cause  the  siphon  to  break,  which  it  has 
not  done  since  it  was  started  under  the  new  conditions. 

When  considering  the  general  question  of  a  siphon,  a  short 
study  of  authorities  showed  me  only  two  references.  Merriman 
(page  192)  merely  says  that  a  pump  must  be  placed  at  the  highest 
point.  Kent  (M.  E.  Handbook,  page  582)  describes  two  siphons, 
neither  of  which  worked  unless  air  was  removed.  When  run- 
ning, one  gave  about  25  per  cent,  less  than  the  theoretical,  and  the 
other  gave  the  same  as  the  theoretical  discharge  for  that  size  of 
pipe.  The  25  per  cent,  deficiency  in  the  first  case  may  have  been 
due  to  an  unnoticed  accumulation  of  air  at  some  point. 

Xo  reference  was  found  to  any  siphon  that  worked  without 
removing  the  air.  or  to  any  attempt  to  make  a  siphon  air-tight. 

It  should  be  noted  that  the  Bee  Hive  Mountain  pipe  is  a  very 
small  one.  and  that  the  velocity  is  high  enough  to  carry  small 
bubbles  of  air  over  the  ridge  and  down  to  the  vent  pipe.  For  a 
large  size  of  pipe  the  velocity  necessary  to  carry  air  bubbles  over 
the  ridge  must  be  higher  than  for  a  small  pipe,  and  for  a  very 
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large  pipe  an  air  chamber  might  be  necessary  even  for  an  air- 
tight pipe. 

CONCLUSIONS, 

First.  The  past  and  present  experience  of  the  Bee  Hive 
Mountain  Aqueduct  Company  indicates  that  the  former  breaking 
of  its  siphon  was  due  to  indraft  of  air  at  the  joints.  It  is  probable 
that  this  is  the  case  with  most  siphons  that  give  trouble. 

Second.  The  use  of  an  air-tight  pipe  (such  as  a  lead  pipe 
with  wiped  joints)  will,  for  small  pipes  at  least,  make  a  siphon 
deliver  permanently  without  the  use  of  air  pumps  or  chambers. 

Third.  The  use  of  a  vent  pipe  on  the  delivery  side,  as  at  the 
Bee  Hive  Mountain  Aqueduct  Company,  which  frees  the  pipe 
from  air  instead  of  letting  the  air  back  up  into  the  siphon,  is 
probably  an  advantage. 

Fourth.  While  lead  pipe  is  expensive,  yet  there  are  probably 
a  number  of  cases,  besides  the  one  described,  in  which  the  use  of 
a  siphon  made  of  air-tight  pipe  will  be  cheaper  than  either  laying 
the  pipe  below  the  hydraulic  gradient,  or  using  an  air  chamber 
and  pump. 


ORITl'  ARV. 

OHITl  Ain. 

Willinin  (iidtliiius  Curtis. 


The  Technical  Society  of  the  Pacific  Coast  has  lost  one  of  its 
prominent  and  active  members  in  W.  G.  Curtis,  late  engineer  of 
maintenance  of  way,  Southern  Pacific  Company,  who  died  at  High- 
land Springs,  California,  June  15,  1900. 

He  became  a  member  in  the  early  history  of  the  organization, 
and  always  evinced  a  lively  interest  in  the  affairs  of  the  Society, 
having  been  elected  for  a  number  of  terms  to  the  Executive  Council 
and  to  the  Vice-Presidency,  which  brought  him  in  direct  contact 
with  many  of  the  active  members,  who  always  found  in  him  a 
genial  companion,  an  accomplished  gentleman  and  an  engineer  of 
great  experience  in  the  particular  line  which  he  had,  in  every  sense 
of  the  word,  made  his  life's  work,  and  in  which  he  was  always  found 
ready  and  willing  to  give  the  benefit  of  his  observations  to  his 
fellow  engineers. 

Mr.  Curtis,  with  his  manifold  professional  duties,  always  found 
time  to  do  his  share  of  the  Society's  work.  When  approached  for  a 
professional  paper  he  usually  acquiesced,  and  when  he  did  so  he 
made  his  subject  a  serious  study  and  brought  his  well-digested  data 
to  the  notice  of  our  members  in  such  shape  that  it  became  of  imme- 
diate practical  value. 

An  instance  in  this  direction  is  a  paper  written  six  years  ago 
on  the  subject  of  "Timber  Preserving  Methods,"  which  found  such 
a  wide  circulation  that  it  will  be  necessary  for  the  Society  to  have 
it  reprinted  in  the  immediate  future. 

As  manv  as  thirty  copies  were  sent  to  South  Africa,  and  only 
recently  six  were  sent  upon  an  application  from  an  eminent  con- 
sulting engineer  in  Cape  Town. 

It  is  with  great  regret  that  your  committee  performs  the  sad 
duty  of  embodying  in  a  memoir  a  few  of  the  salient  features  that 
now  make  up  the  history  of  this  remarkal)le  life,  which  was  ended 
in  its  very  prime,  when,  with  every  faculty  sharpened  and  matured. 
so  much  more  might  have  been  accomplished  which  must  now  be 
our  loss. 

Our  late  member  was  born  at  Bridgeport.  Connecticut,  August 
12,  1849.  He  came  to  California  when  a  young  lad  of  fifteen  with 
his  family,  who  settled  here  in  1864. 

Mr.  Curtis's  ancestors  were  English.  ihc  first  of  the  family 
to  come  to  this  countrv  was  William  Curtis,  who  arrived  in  1632 
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in  the  ship  "Lion,"  from  Essex  county,  England,  and  settled  in 
Connecticut. 

His  engineering-  experience  began  early,  and  from  the  lowest 
round  of  the  ladder,  for  he  entered  the  railway  service  as  a  rodman 
in  the  engineering  department  in  1865. 

A  remarkable  character  like  that  of  Mr.  Curtis  did  not  long 
remain  unnoticed.  His  abilities  were  soon  recognized,  and  he  was 
promoted  rapidly  from  position  to  position,  until  at  his  death  he 
held  that  of  engineer  of  maintenance  of  way,  Pacific  system  and 
lines  in  Oregon,  Southern  Pacific  Company. 

The  enterprises  which  Mr.  Curtis  undertook  and  carried  to  a 
successful  completion  were  so  varied,  and  many  of  them  are  so 
well  known  in  connection  with  him  by  the  engineers  of  this  coast, 
that  it  would  be  needless  to  review  or  enumerate  them. 

Socially  he  was  a  general  favorite.  He  was  a  man  of  many 
and  varied  accomplishments ;  of  prodigious  memory,  afifable  in 
manner  and  refined  in  expression,  so  that  he  was  respected  and 
admired  by  all  his  associates  and  subordinates. 

He  was  a  fluent  and  graceful  speaker,  with  finely  modulated 
voice,  elegant  gestures  and  dignified  address,  who  never  failed  to 
be  entertaining  whatever  his  subject  might  have  been.  As  a  writer 
he  was  clear  and  concise.  He  wrote  numerous  papers  upon 
technical  subjects,  all  of  which  are  characterized  by  that  painstaking 
study,  close  thought  and  logical  reasoning  which  distinguished  the 
man. 

Mr.  Curtis  was  married  June  15,  1875,  ^o  Mary  Elizabeth 
Burton,  at  Stockton,  California,  who  survives  iiim. 

With  these  few  points,  taken  from  the  life  of  this  honorable, 
genial  and  accomplished  colleague,  vour  committee  begs  to  ofifer 
the  following  resolution : 

That  in  the  death  of  William  Giddings'  Curtis  the  Technical 
Society  has  sustained  a  very  great  loss,  which  all  those  must  appre- 
ciate most  keenly  who  have  had  the  good  fortune  to  come  into  close 
contact  with  this  man. 

As  an  engineer  this  loss  is  shared  not  only  by  the  Southern 
Pacific  Company,  but  by  the  entire  technical  profession,  who  will 
mourn  his  untimely  death  with  us. 

J.  H.  Wallace. 
Otto  von  Geldern, 

Committee. 


JOHN    H.   BLAKE. 
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STAMP  MILLING  OF  FREE  GOLD  ORES. 


Bv  Daxa  Harmon,  Member  Technical  Society  of  the  Pacific  Coast. 


[Read  before  the   Society.    September   7.    1900.*] 
I  woi'LD  not  have  it  understood  that  I  have  reached  any  one 

given  method  of  treatment  appHcable  to  all  ores. 

There  are  certain  fundamentals  to  which  I  wish  to  address 

myself  to-night.     I  believe  that  these  underlying  principles  must 

be  followed  for  all  ores  falling  within  the  lines  of  my  caption. 

The  local  variance  which  must  be  had  for  ores  of  different 

localities  are  mainly  those  of  screen  and  water,  matters  determin- 

al)le  l)y  assaying  tlie  tailings. 

MACHIXERV. 

Without  going  into  the  details  of  mill  construction,  it  may  be 
well  to  note  some  points  bearing  upon  the  work  to  be  performed. 
Millwrights  are  seldom  millmen. 

Mortars  and  tables  are  of  all  shapes.  Figs,  i,  2  and  3  show 
my  own  preferences. 

There  is  such  a  wide  difference  in  jar  Ijetween  the  850-pound 
and  1 100-pound  stamps  that  for  the  latter  most  substantial  con- 
struction is  essential. 

B.\CK    KNEE    FR.\ME. 

I  prefer  the  back  knee  frame  because  of  its  solid  bracing  to 
the  ore  bin.  'J'lie  tappets  are  in  plain  sight;  the  pull  of  the  belt  is 
downward  «>n  the  cam  shaft;  it  requires  less  lumber.  I  build  a 
fiat-bottom  ore  bin  in  order  to  strengthen  the  anchorage  and  brac- 
ing. 

The  objections  that  such  line  shaft  is  subjected  to  dirt  and 
awkward  position  need  not  lie.     Set  the  base  of  the  mortar  6  feet 

^Manuscript  received  October  22,,   1900.— Secretary,  Ass'n  of  Eng.  Socs. 
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above  the  ground,  instead  of  3^  or  4  feet,  as  is  customary  with  con- 
tractors. This  will  give  plenty  of  head  room  around  the  shaft  and 
pulleys.  Tight  wood  boxes  encasing  the  shaft  bearings  will  keep 
out  dirt.  Plank  or  cement  this  mud  sill  floor.  Whitewash  every 
post  and  wall ;  oil  cups  on  bearings. 

In  figuring  on  power,  the  uncertain  factor  is  fri:tion,  and  if 
bearings  are  to  be  saddled  with  dirt  and  gum,  as  in  the  dark  they 
surely  will  be,  power  is  wasted.  The  personal  equation  is  an  im- 
portant item  in  connection  with  friction. 


Screen  opcniiir/ 

stems      ."'a" 
lOu'ventcrtiiceiite 


h-' 

Figure  1. 

Mortar,  with  steel  shoe  and  iron  die. 

Mortar 7100  lbs. 

Stem 440  " 

Tappet 140  " 

Boss 292  " 

Shoe 244  " 

Stamp iii5  " 


MORTAR    BLOCKS. 

If  wooden  mortar  blocks  are  used,  make  them  long, — 16  feet, — 
set  on  solid  rock  foundation,  with  a  bedding  of  an  inch  of  clean 
sand.  Ram  with  concrete  on  sides  and  ends.  This  concrete  should 
not  be  continuous  all  around  the  mortar  blocks.  There  should  be 
open  spaces  leading  to  the  bottom  of  the  pit ;  these  spaces  to  be 
filled  with  sand,  dry,  or  tailings  run  in.  There  is  no  better  pre- 
servative to  wooden  mortar  blocks  than  constant  wetting.  These 
sand  pillars  insure  thorough  saturation  of  the  wood. 
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Excavate  the  pit  so  that  you  can  also  huihl  up  a  concrete  pier 
for  tlie  battery  posts  to  rest  on.  Have  anchor  bolts  in  these  piers, 
so  that  you  can  draw-bolt  the  battery  posts  and  line  sills  solid  to 
the  concrete.  Ordinarily  the  battery  post  is  mortised  into  the  line 
sill,  the  latter  being  bolted  to  the  mud  sills  ;  l)ut  this  method  leaves 
a  wide  space  and  allows  the  post  to  spring. 

The  mortar  blocks  can  be  solid, — i.e.,  two  blocks  bolted  and 
keved  together, — or  they  can  be  built  up  of  2-inch  plank  nailed  and 
bolted  together.  The  mortar  bolts  are  usually  i^  x  30  inches.  I 
think  they  should  be  longer,  say  42  inches. 

CONCRETE    MORTAR   BLOCKS. 

\\'itliin  the  past  few  years  concrete  mortar  blocks  are  coming 
into  vogue.  The  concrete  is  capped  with  a  single  block  of  granite 
or  iron,  a  sheet  of  lead  between  the  mortar  and  this  capping.  An- 
other plan  has  been  to  omit  the  granite  or  iron  cap  piece,  and 
instead  make  the  base  of  the  mortar  wider.  Battery  posts  also  are 
set  on  concrete  piers. 

I  do  not  know  how  well  these  have  withstood  the  jar  of  heavy 
mills,  nor  do  I  consider  that  their  withstanding  the  jar  of  a  900- 
pound  stamp  is  any  evidence  or  proof  of  the  effect  an  1 100-pound 
stamp  will  have  upon  them. 

It  is  reasonable  to  expect  greater  crushing  capacity  from  such 
rigid  foundations.  I  should  look  for  crystallized  bolts  because  of 
this  very  rigidity.  But  I  shall  endeavor  to  show  that  in  mortars 
set  on  wooden  blocks  we  can  crush  as  much  as  we  are  able  to 
amalgamate. 

It  is  urged  against  the  wooden  block  that  it  will  rot  out  in 
eight  to  twelve  years;  that  it  is  well-nigli  ruined  if  the  mill  stands 
idle  a  summer  Or  two. 

It  has  occurred  to  me— and  I  throw  it  out  as  a  suggestion 
onlv— that  a  durable  composite  mortar  block  could  be  constructed, 
the  lower  half  of  concrete  up  to  the  ground  line,  the  upper  half 
(6  feet)  of  wood  block  on  end  :  this  block  to  be  anchor-bolted  to 
the  concrete. 

This  would  secure  solidity,  would  escape  the  excessive  rigidity 
and  would  permit  renewal  of  the  woodwork  at  reasonal)le  expense. 

GUIDES. 

Use  the  individual  iron  guide— guide<  uitli.ait  the  wood  bush- 
ing. 

The  stem  will  not  be  worn  by  rubbing  directly  against  the  cast 
iron  miide  with  one-sixteenth  of  an  inch  play  on  either  side.     Oil 
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sparingiy,  say  once  a  fortnight,  l)y  just  touching  the  stem  with 
waste  moistened  with  a  good  quaHty  of  machine  oil.    • 

There  are  iron  guides  with  wood  bushings,  but  I  have  never 
seen  one  worth  bu\ing.  It  would  be  well  to  have  the  cap-piece  of 
malleable  iron,  and  the  bed-piece  should  be  2  inches  thick  to  avoid 
breakage. 

With  the  old-fashioned  oak  guides  there  is  too  much  friction, 
too  much  wear  from  burning.  After  a  few  months  the  shoe  will 
not  center  on  the  die. 


a  rJe,(t  iKiilei!  on  top 

of  table  i>frnil.   A. 
Strip  of  hlaiiUet  on  top  rleut 
Apvon  hoard  /  ,fitrip  -J  x  4  to  ivhirh  the 

^~~~^i' T.ii-  G.  /  I  api'oit  tiottrits  are  nailed 


ffl^^*"^'*  ^'n^^;;;^iN^ 


J  .r  O- 
J'^lf/iire  :i 
Table-  litul  1'ieiv 


Silt'    rail  JJ 


Saiite  scale  as 
J^'i,,.  2 


Table  to  be  made  of  sug^ar  pine,  half  seasoned. 

4  table  plank  i  y^"  x  24"  x  5'. 

I      "         "       i!4"  X  28"  X  5'. 

Strip  of  sheet  iron  4"  wide  under  splashboard  B;  another  6"  wide  under  lip  to  prevent 
scour  of  plates. 

The  apron  board  30"  x  5'  fits  snug  upon  main  table  and  is  held  %"  away  from  the  mortar 
lip  by  brace.  The  key  holds  it  tight  upon  main  table.  Apron  board  removable.  Unhook 
rods  and  take  out  b-aces.     A  2"  x  4"  brace  on  each  end  of  the  apron  board. 


With  the  individual  iron  guide  the  stems  will  keep  cool.  With 
the  oak  guide  the  stems  are  always  warm,  and  often  hot.  Heat 
means  friction. 

SCREENS. 

I  prefer  the  tin,  costing  ^  cent  per  ton  crushed.  Neither 
Russia  iron,  brass  wire  nor  steel  can  compete  with  this.  Put  strips, 
5-inch  wide,  of  3'2-inch  cheap  rubber  sheet  packing  between  the 
tin  and  the  wood  frame,  and  you  will  at  least  double  the  life  of  the 
tm  screen.  Before  using  burn  off  the  tin  over  a  clear  forge  fire ; 
just  heat  to  redness,  keeping  the  screen  moving  to  and  fro  over  the 
fire.     This  anneals  and  toughens  the  iron. 
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Tlic  three  coninicrcial  sizes  are:  \o.  o  =  Xo.  8  needle,  441 
holes  to  square  inch.  No.  i  =  No.  7  needle,  324  holes  to  square 
inch.     No.  2  =  No.  4  needle,  225  holes  to  square  inch. 

Xo.  3  is  too  coarse  for  quartz. 

If  manufacturers  would  punch  a  size  between  the  X'o.  o  and 
No.  I.  and  also  a  size  a  trille  coarser  than  No.  2,  the  range  of  tin 
screens  would  cover  nearly  all  cases  of  quartz  milling.  The  screen 
should  have  a  selvage  finish  at  both  ends. 

LINERS. 

Use  mortar  liners,  removable  at  every  clean-up.  The  main 
back  liner,  instead  of  being  iii  one  piece,  should  be  cut  so  as  to  give 
a  lower  i)iece  of  same  width  as  the  front  liner. 

SKYLIGHTS. 

Nearly  every  large  mill  is  dark  in  the  middle ;  none  need  or 
should  be.  Builders  depend  too  much  upon  side-wall  windows. 
One  skylight  in  the  roof  is  better  than  four  side-wall  windows. 
Fig.  4  shows  a  cheap  skylight,  set  flush  with  the  shakes,  which  I 
have  used  successfully  even  in  heavy  snow  countries  on  half-pitch 
roofs.  The  glass  was  ordinary  21-ounce  plain.  It  does  not  leak, 
and  the  snow  slides  over  it.  Whitewash  the  walls  and  ceiling. 
Have  a  well-lighted  mdl  day  and  night. 

WARMTH    OF    BUILDING. 

The  plate  and  concentrator  rooms  should  be  built  so  as  to  be 
warm  in  the  winter  season.  Never  have  a  drafty  mill.  Icicles 
do  not  aid  plate  amalgamation.  A  few  dollars  spent  in  tarred 
paper  on  the  walls  will  be  a  wise  investment  in  cold  countries.  A 
generous  stove,  with  a  couple  of  hot-air  drums  10  feet  long  by  30 
inches  in  diameter,  will  prove  economical  of  wood  and  keep  a  20- 
stamp  mill  building  comfortable  and  fit  for  amalgamation. 

Light  and  warmth  are  not  luxuries;  they  are  the  necessaries 
of  the  business. 

TABLES. 

Tables  should  be  heavy  and  solid.  Flimsy  tables,  made  of 
thin  boards  and  light  scantling,  get  out  of  true.  Figs.  2  and  3 
show  a  table  fastened  to  the  floor.  This  form  has  advantages  over 
the  rolling  table.  Ordinarily,  12  feet  long  by  5  feet  wide  will 
suffice.  Ten  feet  of  this  is  nailed  to  the  floor.  The  30-inch  apron 
is  removable  to  allow  setting  in  shoes  and  dies. 

The  frame  is  of  three  pieces,  4x6  inches  by  10  feet,  dressed 
on  the  upper  edge  and  notched  down  4  inch  every  2  feet.  The 
boards  are  U  inches  thick,  2  feet  wide,  5  feet  long,  dressed  on 
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upper  side,  edges  and  ends.  After  dressing  true,  cross-plane  the 
board  so  that  there  shall  be  a  fall  of  yV  ii^ch  from  ends  to  center. 
Each  board  is  butted  snug  to  the  one  next  above  it  and  nailed  or 
screwed  to  the  4  x  6-inch,  the  ends  of  the  boards  being  flush  with 
the  outer  edge  of  the  outside  4  x  6-inch.  The  side  rail  is  a  plank 
l^  X  10  inches  nailed  against  the  side  of  the  4  x  6-inch,  and  form- 
ing a  tight  joint  against  the  ends  of  the  boards.  To  prevent  leak- 
ing, bruise  the  edges  of  the  boards  with  a  blunt  chisel,  the  blade 
2  or  3  inches  wide  and  ^  inch  thick.  As  soon  as  the  table  is  wet 
these  bruises  swell. 


a 


I  flftshhifj. 


W 


ii/iirr  -l. 


^^ 


jGfo/i'.  Iron 
flash!  iiff. 


B 


Dotted  lines  show  glass,  21  oz.  plain,  overlapped  and  kept  in  place  by  galvanized  hooks. 
Putty  under  the  glass. 

Finish  with  strips  of  sV  sheet  lead  flashing  extending  over  the  rafters  and   under  the 
shakes. 

The  sash  frame  of  rough  i"  .x  4"  nailed  to  rafters. 

At  the  foot  of  the  table,  Fig.  2,  is  a  double  drain  box  with 
sheet  iron  flap.  While  the  mill  is  running  the  pulp  flows  into  box 
a,  thence  to  concentrators  through  a  2-inch  pipe,  the  end  of  the  pipe 
projecting  ^  inch  above  the  bottom  of  the  box  a,  thus  forming  a 
sufficient  quicksilver  trap.  When  brushing  up  the  flap  is  lowered 
and  the  washings  go  over  into  box  b,  whence  they  overflow  through 
notches  into  box  a. 

These  double  drain  boxes  will,  under  careful  milling,  recover 
$25  to  $50  per  month  in  amalgam  which  would  otherwise  be 
swamped  in  the  concentrates  or  lost  in  the  canyon.  Under  slipshod 
milling  this  box  catchment  might  easily  pay  the  mill  payroll.  This 
for  twenty  stamps. 
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Fig.  2  shows  tlie  arrangement  of  the  splashboard. 

By  using  a  lip  plate  17  inches  wide,  set  on  grade  of  4  inches 
to  the  foot,  there  will  be  no  clogging  with  sand  and  sulphurets,  and 
the  amalgam  catchment  will  be  heavy.  Foundries  ordinarily  cast 
a  mortar  with  i-j\  inches  to  foot  grade  on  the  lip.  This  will  surely 
clog  and  prevent  the  amalgam  from  catching  on  the  lip  plate. 

Let  the  pulp  drop  from  the  mortar  lip  (usually  i^  to  3-inch 
drop)  upon  a  sheet  iron  strip  6  inches  wide,  whence  it  flows  upon 
the  copper  plate.  A  drop  of  over  ^  inch  will  scour  the  silver. 
Under  the  splashboard  B  a  4-inch  strip  of  sheet  iron  is  set  over  the 
plate  to  prevent  scour. 

LAUNDERS. 

If  of  wood,  let  the  launders  be  V  shape,  set  to  grade  of  i| 
inches  to  foot. 

ROCK    BREAKERS. 

Every  mill  should  have  two  rock  breakers,  one  coarse  and  one 
fine.  Set  the  jaws  of  the  coarse  breaker  4  inches  apart,  so  that  a 
sledge  can  slide  through,  thereby  avoiding  the  breaking  of  the 
pitman  or  side  rods.  Dump  all  the  ore,  coarse  and  fine,  as  it  comes 
from  the  mine,  directly  into  this  large  breaker.  The  mixing  of 
fine  with  coarse  ore  prolongs  the  life  of  the  jaws.  The  crushed 
ore  is  to  pass  over  a  grizzly ;  the  fine  going  to  the  feeders,  the 
coarse  to  be  crushed  in  a  second  breaker.  Manganese  is  the  most 
durable  for  jaws  and  for  mortar  liners. 

GRIZZLY. 

Grizzlies  often  give  much  trouble  by  clogging,  the  rock  build- 
ing against  the  thimbles.  The  most  satisfactory  that  I  have  ever 
used  is  made  of  12  or  16-pound  T  rail,  downside  up,  bars  6  to  8  feet 
long,  i^  inches  apart,  at  an  angle  of  42°  to  45°,  the  lower  end  of  the 
rails  rolled  over,  as  in  Fig.  5.  If  not  over  8  feet  long  it  will  be 
unnecessary  to  use  a  middle  bar  with  its  thimbles.  The  steep 
grade  will  give  a  fine  product,  and  there  will  be  only  occasional 
clogging. 

So  much  for  the  working  tools.  Select  a  mill  site  with  plenty 
of  fall ;  not  less  than  55  feet  from  track  level  to  concentrator  floor ; 
better  75  feet.  Heavy  duty  is  exacted.  Machinery  is  sure  to 
break,  therefore  the  working  parts  must  be  accessible. 

MILLING. 

I  hold  fast  to  four  central  ideas :  First,  on  free  gold  ores  the 
mortar  has  the  two  functions  of  crushing  and  of  amalgamating. 
Second,  on  ores  running  less  than  $12  per  ton  the  method  used 
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must  be  such  as  to  extract  practically  all  the  recoverable  gold. 
(We  will  not  now  discuss  $40  ore.)  Third,  if  the  ore  is  hard 
enough  to  require  a  rock  breaker,  build  a  heavy  stamp  mill,  other- 
wise you  may  use  one  of  the  various  rotary  mills.  Fourth,  do  not 
try  to  economize  on  rock  breakers.  It  is  the  cheapest  initial  crush- 
ing; one  to  the  mill  is  not  enough. 

There  is  a  good  deal  said  nowadays  about  high  duty  of  mill, — 
i.e.,  large  crushing.     I  believe  in  high  duty  consistent  with   full 


Fif/ure  5, 


Grizzly.     To  screen  ore  that  has  already  been   crushed  in  large  breaker  if  mine  produces 
coarse  chunks.  , 

recovery  of  the  gold,  but  I  cannot  indorse  a  given  type  of  mortar 
merely  because  it  is  a  rapid  crusher.  High  duty  should  mean  low 
tailings. 

The  narrow,  straight-back  mortar,  with  low  discharge,  is  not  a 
new  idea.  The  foundries  are  full  of  old  patterns  of  this  type. 
All  our  cement  gravel  mills  are  so-  built,  but  it  is  not  enough  to 
crush  rock ;  one  must  also  catch  gold.  High-grade  tailings  result 
from  the  sacrifice  of  amalgamation  to  crushing. 

Taking  up  now  seriatim  these  four  captions : 

The  mortar  has  the  tzvo  functions  of  crushing  and  amalgama- 
tion. Gold  amalgam  is  a  slippery  eel;  it  rolls  and  floats  unless 
fairly  treated.  Give  it  opportunity  and  it  will  settle  in  the  mortar. 
It  is  not  so  hard  to  catch  fine  gold  inside  the  mortar  if  the  mortar 
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is  built  for  that  purpose.  'J'Ik-  limit  of  crusliins'  iu  a  i^ivcu  mortar 
must  be  uieasured  by  the  perceutagc  of  iuside  auialgamation.  except, 
however,  on  ores  carrying-  values  of  $1.00  to  $1.50  per  ton  of  fine 
light  gdlil.  The  aim  should  be  to  increase  the  inside  catchment 
above  60  per  cent.  The  tendency  of  stamping  is  to  coml)ine  the 
g-old  with  the  mercury.  It  is  natural  that  this  amalgam  should 
stay  inside,  and  it  will  imless  the  millman  expels  it  in  his  struggle 
to  secure  a  high  crushing  duty. 

Extract  practically  all  the  recoverable  gold.  Whoever  has 
used  quicksilver  has  lost  gold.  \\'hoever  has  crushed  ore  has  had 
uncrushed  particles  of  sand  carry  some  atoms  of  gold  stowed  away 
inside  the  particles.  Therefore,  tailings  must  assay  something. 
It  is  a  commercial  question.  You  may  be  able  to  afford  some  loss 
in  order  to  get  through  a  larger  tonnage.     To  illustrate : 

Preparing  a  tailings  sample  for  assay  bv  screening  through  a 
40-mesh  screen,  we  find  that  2  per  cent,  of  the  sand  rests  on  the 
screen,  and  the  fire  assay  shows  values  of  5  cents  or  10  cents  per 
ton  in  the  fine  sands  and  $1.50  per  ton  in  the  coarse. 

The  results  may  be  tabulated : 

98  tons  @  $0.05  =  $4.90  or  @  $0.10=   $9.80 

2  tons  (a.    1.50=    3.00  3.00 

100  tons  =$7.90  =$12.80 

i.e.,  $0.08  to  $0.13  per  ton. 

I  am  quoting  actual  results,  not  giving  theories.  The  crush- 
ing was  at  the  rate  of  3  tons  per  stamp  through  a  No.  2  tin  screen. 

This  2  per  cent,  coarse  sand  could  have  been  saved  by  using 
Xo.  I  tin,  but  it  would  have  been  at  reduced  crushing  tonnage,  and 
would  have  come  close  to  the  sliming  danger. 

I  call  this  extracting  practically  all  the  recoverable  gold,  and 
to  increase  this  crushing  to  5^  tons  and  the  tailings  to  75  cents  per 
ton  would  be  business  suicide,  whether  there  were  10,000  or 
10,000,000  tons  in  the  mine. 

Use  stamp  iiiills  on  quartz.  Some  one  will  probably  invent  a 
better  machine  than  the  California  quartz  mill  for  crushing  rock 
and  catching  gold.  It  has  its  faults,  and  yet  its  much-condemned 
sliming  tendency  is  too  often  the  fault"  of  the  millman.  It  is  simple, 
relentless  and  conscientious,  with  fewer  faults  than  cling  to  many 
of  its  operators. 

It  is  easy  to  stir  mud.  but  if  you  have  rock  to  crush  build  a 
heavy  California  stamp  mill,  with  the  shoe  9^  inches  and  the  die 
9f  inches  diameter;  the  whole  stamp  weighing  iioo  pounds,   io| 
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inches  from  center  to  center  of  stems.  The  ends  of  the  mortar, 
after  the  Hners  are  in,  should  be  flush  with  the  screen  opening. 

I  have  heard  more  than  one  man  assert  that  his  ore  did  not 
require  a  heavy  stamp,  but  I  have  always  found  that  such  men  had 
never  tried  the  two  weights  on  the  same  ore.  If  the  ore  at  one 
mine  happened  to  be  harder  than  at  another  they  would  endeavor 
to  effect  a  cure  by  giving  more  drop  to  the  light  stamp.  If  the 
rock  still  resisted  and  the  stamp  bounced  they  would  settle  back  on 
the  excuse  that  they  had  very  hard  ore. 

I  have  had  an  850-pound  and  a  1190-pound  stamp  on  the  same 
line  shaft  and  on  identical  ore.  The  former  crushed  i^  to  i-|  tons 
per  stamp,  and  the  latter  3  to  4  tons  per  stamp.  The  light  stamp 
could  not  do  the  work,  no  matter  what  drop  I  gave  it. 
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Now,  then,  how  fast  shall  we  run  this  heavy  mill?  What 
drop  shall  we  give  it? 

I  want  a  heavy  stamp  because  I  do  not  want  to  waste  time 
breaking  rock.  I  want  a  shoe  and  die  of  large  area,  so  as  to 
embrace  many  pieces  of  rock  at  every  blow.  If  you  reduce  the 
crushing  area  from  9f  to  8  inches  you  are  compelled  to  make  up 
the  deficit  by  speed  or  by  a  long  drop. 

Bring  a  sledge  upon  a  bowlder.  If  you  don't  break  it,  you 
make  the  next  blow  harder,  but  you  don't  hit  oftener.  Probably 
you  will  strike  lower.  You  accomplish  your  result  by  muscle,  not 
by  agility. 

So  it  must  be  with  a  stamp  mill.  Stamp  crushing  is  not  a 
question  of  spalling  rock ;  its  object  is  to  crush  and  amalgamate 
ore  that  has  been,  as  it  were,  already  spalled  by  the  rock  breaker. 

I  am  now  running  a  mill  upon  unusually  tough,  hard  ore; 
first-class  road  metal  some  of  it.     With  a  speed  of  92  to  94  and  a 
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drop  of  6  to  7  inches,  a  iioo-pound  stamp  will  crush  rihout  80  tons 
in  twenty-eight  days  and  save  all  the  gold.  Increase  the  speed  to 
100  or  102  and  the  drop  to  8  or  9  inches,  and  this  same  stamp  will 
crush  ahout  no  tons  in  twenty-eight  days  and  hy  no  means  save 
all  the  gold. 

So,  then,  m\-  rule  is  to  get  weight  and  area  of  stamp,  so  as  not 
to  waste  time,  and  to  drop  as  the  tailings  assays  dictate. 

High  speed  means  more  wear  and  tear,  hot  boxes,  greater  per- 
centage of  breakdowns.  If  you  can  reach  the  limit  of  profitable 
amalgamation  by  a  slower  speed,  why  not  do  it? 

I  have  never  run  a  stamp  heavier  than  11 20  pounds,  and  I 
regard  that  weight  as  sufficient. 

I  have  found  it  easy  to  crush  more  than  I  can  amalgamate. 
It  is  for  this  reason  that  I  am  unable  to  give  assent  to  the  practice 
of  installing  a  system  of  rolls  and  crushers  so  as  to  deliver  a 
cracked-corn  product  to  the  stamps.  For  some  mysterious  reason 
there  is  benefit  to  amalgamation  by  churning  rock  in  a  mortar.  I 
am  no  sufferer  if  it  does  take  a  little  more  time  in  the  making  of 
the  butter.     If  the  mine  needs  more  stamps,  buy  them. 

Before  a  5-stamp  battery,  5  feet  width  of  plate  seems  to  be  the 
practical  limit.  Six  feet  is  too  wide,  and  5  will  give  better  results 
than  4. 

I  have  tried  a  launder  before  ten  stamps,  the  pulp  being  thence 
passed  to  three  tables,  each  4  feet  wide.  This  was  a  failure.  By 
no  adjustment  of  gates  and  water  could  even  distribution  and  flow 
be  obtained.  One  table  was  all  sand,  and  another  all  slimes.  The 
wave,  the  crescent  bow,  was  not  there. 

Provide  rock  breakers  liberally.  One  breaker  to  the  mill  is 
the  rule,  and  ordinarily  this  means  that  much  of  the  ore  going  into 
the  feeders  will  not  pass  a  2|-inch  ring.  It  would  not  cost  much 
to  cut  this  product  to  i-inch  ring  size,  and  a  very  noticeable  in- 
crease in  crushing  will  result.  With  a  i-inch  ring  product  there 
will  be  fewer  broken  stems  and  consequent  delays. 

The  rock-breaker  end  of  the  mill  is  too  much  neglected.  One 
is  not  enough  to  any  mill.  On  the  other  hand,  I  see  no  gain  in 
going  to  the  other  extreme  of  too  minute  rock-breaker  crushing. 

The  following  rules  are  suggested : 

Catch  the  gold  close  to  the  die. 

Don't  use  chock-blocks  or  inside  coppers. 

Don't  slime  by  too  fine  crushing. 

Don't  crowd  tables  with  too  much  pulp. 

Don't  sluice  the  pulp  over  the  plates. 

Don't  add  water  outside  the  mortars. 
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Don't  be  afraid  of  steep  grade  to  tables. 

Use  no  distributing  boxes. 

Don't  turn  all  the  pulp  on  one-half  the  plate  area  when  brush- 
ing up. 

Don't  scrape  plates  with  chisel  or  rubber.  Rub  up  with  a 
cotton  cloth  and  tepid  water.  Lip  plate,  however,  is  scraped  off 
monthly  with  a  chisel. 

Feed  quicksilver  so  carefully  that  never  a  free  globule  appears 
on  the  plates. 
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Fly  lire  7. 

Grease  boxes  over  mortars. 

Two  cleats,  A,  are  Jag-screwed  to  tlie  battery  posts.  The  boxes,  B  and  C,  3"  deep  and 
lined  with  galvanized  iron,  rest  upon  these  cleats  and  fit  snug  between  the  posts.  C  is  screwed 
to  cleat  A.     B  is  removable  and  is  held  down  by  the  iron  dog. 

The  galvanized  collars  prevent  grease  from  working  down  upon  the  mortar  housings. 

Feed  low, — i.e.,  regulate  the  feeder  so  that  the  shoe  is  kept 
just  cushioning  on  the  die. 

Run  the  batteries  with  the  splash,  and  not  with  the  wave 
motion, — i.e.,  lift  the  shoe  above  the  water  at  every  blow. 

Use  automatic  sampler  on  tailings. 

Avoid  the  use  of  acids  and  cyanide  on  plates ;  common  lye  will 
cut  grease. 

Keep  the  quicksilver  clean  by  retorting,  and  then  washing  well 
with  dry  lime ;  follow  this  treatment  with  thorough  washing  in 
clean  water. 

Use  well-silvered  plates.  When  they  turn  green,  replate  them ; 
and  don't  waste  time  and  gold  over  nostrums. 


STAMl'   Mil. I. IXC,  ()!-'  l-KI'.l'.  (iOl.D  ORKS.  287 

Catch  the  gold  close  to  the  die.  This  rc(|uircs  a  ruoiiiy.  rather 
than  a  narrow,  mortar.  Vou  can't  churn  butter  in  a  teacup,  and 
you  must  churn  if  you  want  to  amalgamate.  I  am  now  using  two 
styles,  both  1 100-pound  batteries.  There  is  no  difference  in  crush- 
ing, but  the  mortar  shown  in  Fig.  .1  invariably  makes  the  larger 
inside  catchment.     The  other  mortar  has  a  straight  back. 

Whenever  I  neglect  my  inside  catchment  the  tailings  run  up. 
Set  the  discharge  too  low  and  the  mortar  will  throw  out  on  the 
plates.  It  is  the  province  of  the  plates  to  catch  the  fine  gold,  not 
the  coarse.  Coarse  gold  will  roll  down  hill,  and  the  table  is  a  down- 
hill proposition.  Coarse  gold  makes  good-sized  bits  of  amalgam, 
and  the  natural  habitat  of  these  is  inside  the  mortar. 

On  quartz  the  discharge  must  not  be  less  than  S^  inches  at  the 
start, — i.e.,  5^  inches  depth  of  water  measured  from  the  top  of  the 
die  to  the  bottom  of  the  screen  opening.  Starting  with  this,  you 
will  soon  have  5!^  inches  discharge.  We  will  say  now  that  the 
wear  of  the  die  is  2  inches  in  twenty-eight  days.  This  would  mean 
7J  inches  discharge  at  close  of  the  run.  and  would  diminish  the 
crushing. 

To  cure  this  make  one  screen  frame  with  3-inch  strip  on  bot- 
tom and  2  inches  on  top  edge;  make  another  screen  with  a  i-inch 
strip  on  bottom. 

As  the  run  progresses  you  can  cliange  and  turn  screens  so  as 
to  preserve  a  practically  uniform  discharge. 

The  drop  is  regulated  by  the  tappet. 

There  is  no  harm  in  using  a  6i  to  jA-inch  discharge.  I'.ut 
there  is  no  gain  to  amalgamation,  and  you  diminish  the  crushing 
capacity  of  the  mill.  In  other  words,  work  so  as  to  obey  the  in- 
junction. "Get  through  all  possible  consistent  with  full  recovery  of 
the  gold." 

Some  interesting  exi)eriments  were  made  at  the  L  tica  and 
Gwin  mines  on  mortar  shapes  for  900-pound  stamps.  Tne  back  of 
the  mortar  was  straightened  to  77°.  At  the  discharge  line  the  dis- 
tance from  shoe  to  back  is  2}  inches,  and  to  screen  sh  inches.  It 
was  found  that  this  mortar  would  crush  5  to  5^  tons  to  the  stamp 
on  Utica  and  Gwin  ores,  whereas  the  wide  m<M-tar  crushed  4  to  4} 
tons ;  this  with  Xo.  2  tin. 

I  attempted  to  apply  these  lines  to  an  i  ioo-i)ound  mill,  but  did 
not  increase  the  crushing:  and  can  only  attribute  the  failure  to  the 
fact  that  the  heavier  and  larger  shoe  makes  a  more  vicious  splash. 
You  cannot  bring  the  screen  closer  than  7^  inches  to  the  shoe.  On 
identical  ore  the  mortar  shown  in  Fig.  i  will  outcrush  this  straight- 
back  Utica  mortar,  because  of  the  greater  weight  and  shoe  area, 
and  it  is  a  better  amalgamator. 
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No  chock  block  or  inside  coppers.  A  copper  plate  in  the 
mortar  will  attract  amalgam.  But  copper  is  no  better  magnet  than 
is  amalgam  itself.  Start  a  bed  of  amalgam  in  some  secure  cranny 
around  the  dies,  and  you  will  have  as  eager  an  ally.  Grooves  in  the 
liners  only  shorten  the  life  of  the  liner. 

Everyone  who  has  used  a  chock  block  has  seen  it  build  with 
amalgam,  and  has  also  seen  it  scoured  red,  in  whole  or  in  spots ; 
scoured,  we  are  told,  accidentally.     Let  us  dissect  this  ''accident." 

Every  battery  is  liable  to  be  filled  up  with  sand.  Feeders  fail, 
faucets  choke,  millmen  yawn  or  are  busy  elsewhere ;  no  matter  the 
reason,  true  it  certainly  is  that  every  battery  fills  up  sometimes. 
It  is  this  fill  of  sand  that  scours  the  chock  block.  Amalgam,  once 
scoured  oft',  is  rebellious  metal.  It  is  round  and  hard;  it  gets  out 
on  the  plates,  where  it  rolls  and  tumbles,  scorning  to  stick,  content 
only  when  it  lands  in  the  concentrates  or  in  the  canyon.  If  in  the 
canyon  it  is  lost  for  all  time.  The  millman  blames  the  accident  he 
himself  has  concocted,  for  the  chock  block  lies  zvithin  the  zone  of 
scour.     Study  Fig.  6. 

Particles  of  gold  and  amalgam  are  flying  about  within  the 
area  a,  b,  c,  d. 

These  particles  can  be  attracted  upward  to  the  chock  block  or 
downward  below  the  line  3-4.  as  }-ou  please.  If  you  use  a  chock 
block  they  will  fly  to  it.  If  ycu  don't  they  will  sink  around  rocks. 
Every  particle  lodged  will  attract  another ;  soon  it  will  be  a  mass. 
But  note  the  difference.  The  chock  block  lying  within  the  zone  of 
scour  I,  2,  3,  4,  your  caught  amalgam  is  in  danger  of  loss.  The 
zone  3,  4,  5,  6  being  below  the  line  of  scour,  your  caught  amalgam 
is  safe  till  clean-up  day.  Millmen  may  sleep,  faucets  clog,  feeders 
Ijuck  ;  your  amalgam  is  safe. 

Repeatedly  do  I  find  the  entire  front  of  my  mortar,  below  the 
line  3-4,  one  mass  of  amalgam,  in  cakes  i  to  f  inch  thick ;  this  on 
$5  to  $7  ore. 

Take  the  year  through,  and  you  will  catch  more  gold  inside 
without  chock  blocks  than  with  them. 

Another  important  advantage  is  that,  in  case  of  overfeed  of 
([uicksilver,  th.is  excess  will  be  safely  absorbed  by  the  mass  of 
amalgam  around  the  dies.  Excess  of  quicksilver  on  a  chock  block 
is  tatal :  it  sloughs  oft  the  amalgam. 

When  one  considers  the  varied  duties  of  the  millman,  and  the 
sudden  variations  of  gold  ores,  there  is  full  warrant  for  abandoning 
the  chock  block. 

Don't  slime  by  too  fine  crushing.  Especially  vicious  is  this 
practice  on  slate  ores.  The  correction  can  be  located  only  by  assa^y- 
ing  the  tailings  through  different  meshes. 
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If  }ou  slime  }ou  arc  also  wasting  power  by  dead — i.e.,  useless 
— stamping. 

Don't  croii'd  plates  zvith  too  mucli  pulp. 

Don't  sluice  the  pulp  over  the  plates. 

Don't  be  afraid  of  steep  tables. 

No  distributing  boxes. 

Don't  add  zvater  outside  the  mortar. 

These  five  rules  may  be  treated  together. 

It  is  not  easy  to  set  down  in  words  just  what  the  conditions  of 
the  pulp  should  be.     It  is  a  question  to  be  determined  by  the  eye. 

If  you  will  let  the  mind  dwell  upon  these  negatives  some  idea 
of  my  meaning  may  be  realized. 

Plate  amalgamation  and  ground  sluicing  are  different  arts. 
Gold  is  caught  on  plates  because  gravity  settles  the  metal  to  the 
silvered  surface.  Therefore,  don't  be  in  a  hurry  to  get  rid  of  the 
sand,  and  don't  throw  obstacles  in  the  way  of  the  laws  of  gravity. 
Gold  and  mercury  have  their  full  share  of  specific  gravity,  but 
reverse  the  conditions  and  you  easily  offset  this  factor. 

The  pulp  must  not  be  too  thick  on  the  plates ;  you  don't  want 
a  double  deck  of  sand.  Furthermore,  there  should  be  an  even  flow 
of  water  over  the  entire  plate  area.  It  is  for  this  reason  that  the 
center  of  my  plate  is  j\  inch  below  the  edges.  Batteries  tend  to  a 
greater  discharge  in  the  corners  than  in  the  center.  It  is  a  common 
sight  to  find  a  rush  of  water  4  to  6  inches  wide  along  both  edges  of 
the  table ;  one-fifth  to  one-fourth  of  the  plate  area  is  overflooded. 

]\Iany  mills  have  tables  24  feet  long,  with  no  break  in  grade. 
Drop  a  cork  chip  at  the  head  of  such  a  table  and  at  the  same  instant 
another  chip  at  the  middle.  You  will  find  that  the  second  cork 
will  travel  its  12  feet  in  less  time  than  the  first  one,  because  the 
velocity  of  flow  must  be  accelerated  on  such  a  table.  If  the  flow  is 
correct  for  the  first  12  feet,  it  must  be  wrong  for  the  second  12  feet. 

It  goes  without  saying  that  tables  should  be  of  uniform  width 
from  top  to  bottom. 

The  sand  should  move  over  the  plates  slowly  and  evenly. 
The  water  will  go  in  waves  or  pulses,  while  the  sand  below  it  will 
be  kicked  along  by  these  successive  waves,  not  moving  any  faster 
over  the  last  2  feet  than  it  does  over  the  first  2  feet  of  the  table. 
Between  the  waves  the  sand  almost,  but  not  quite,  comes  to  a  stand- 
still. Note  this  point  especially:  The  sand  is  kicked  along;  it 
must  never  be  swept  along  by  a  heavy  flow  of  water. 

Have  a  wave  and  use  it.  It  is  these  successive  kicks  that 
tumbles  the  sand  about.  Before  the  last  plate  is  reached  the  gold 
is  kicked  into  its  proper  place, — viz,  to  some  sticking  point.     The 


^90  ASSOCIATION  OF  ENGKXEERING  SOCIETIES. 

^--incli  drop  every  2  feet  assists  the  process  in  two  ways:  (a)  The 
drop  bowls  the  particles  over;  (b)  it  prevents  acceleration  of  flow. 

\\'ith  this  thin,  carefully  regulated  flow  and  a  sticky,  pasty 
plate  good  amalgamation  will  be  had. 

One  reason  for  the  excessive  use  of  water,  so  common,  is  that 
the  table  has  too  little  grade. 

The  millwright  turns  over  a  table  i^  to  i^-inch  grade  to  the 
foot.     It  should  be  2^  to  2f-inch. 

Don't  be  afraid  of  steep  grades,  for  it  means  less  water  and 
clean  table ;  no  danger  of  scour. 

Distributing  boxes  are  an  abomination.  The  holes  get  plugged 
up.  They  incite  the  millman  to  careless  use  of  quicksilver  when 
rubbing  up.  They  are  traps  to  gather  cjuicksilver,  and  let  it  out  in 
lumps  on  the  plates.  They  don't  distribute  pulp  as  evenly  as  the 
plain  splashboard  (Fig.  2). 

Globules  of  free  quicksilver  on  the  plates  should  never  be 
tolerated.  If  there  is  a  distributing  box  the  millman  can  lay  the 
blame  to  the  box.     Take  away  the  box  and  rob  him  of  his  excuse. 

Don't  add  ivatcr  outside  the  mortar.  One  needs  just  the  same 
amount  of  water  inside  the  mortar  as  out,  and  I  use  just  enough 
water  in  the  mortar  to  move  the  pulp  properly  over  the  plates.  No 
reliance  can  be  placed  upon  stated  formulae  of  so  many  gallons  per 
ton  of  ore. 

The  quantity  of  water  is  vital,  and  nine  millmen  in  ten  use  too 
much. 

Don't  turn  all  tlic  pulp  on  half  the  plate  area  zvhen  brushing  up. 

We  have  all  seen  the  4- foot  plate  with  partition  strip  in  center. 
The  battery  is  not  hung  up  when  brushing  the  plates,  but  all  the 
pulp  is  turned  to  one  side  of  the  strip  while  the  men  are  working 
on  the  opposite  side. 

It  seems  to  me  there  can  be  no  logical  defense  for  this  custom. 
If  4  feet  width  is  needed  at  any  moment,  it  is  for  all  the  moments. 
To  confine  all  the  flow  to  2  feet  width  must  inevitably  scour.  The 
only  excuse  urged  is  that  it  does  not  pay  to  hang  up.  I  hardly 
think  it  pays  any  better  to  scour;  the  richer  the  ore  the  greater  the 
loss.  Build  another  battery  if  the  mine  will  stand  it.  The  average 
mine  will  survive  the  shock  of  a  little  hanging  up. 

The  champions  of  the  never-hang-up  theory  seldom,  if  ever, 
sample  tailings  when  brushing  up.  They  don't  know  their  own 
losses.  It  is  a  well-known  fact  that  upon  ore  of  only  $8  value 
the  plates,  just  before  brushing  up,  will  be  plentifully  sprinkled 
with  coarse  bits  of  amalgam  barely  hanging  on  against  the  flow. 
I  suggest,  by  way  of  proof,  that  three  tailings  samples  be  taken 
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from  the  4-foot  plate  width  williiii  the  ten  minutes  preceding  the 
ruhhing-  up,  and  then  tlu-ee  samples  from  the  2-foot  plate  width  dur- 
ing the  ten  minutes  of  rubbing  up.  Do  this  for  thirty  days,  making 
careful  assays  of  all  the  samples.  Note  the  per  cent,  of  assays 
abnormally  high,  due  to  particles  of  amalgam. 

It  is  not  sufficient  to  reply  that  what  is  lost  in  amalgam  is 
recovered  in  the  concentrates. 

Every  concentrator  passes  more  or  less  of  amalgam  and  meh- 
cury  over  into  the  tail  race. 

Don't  scrape  main  plates  zvith  chisels. 

Alloiv  no  globules  of  free  quicksilver  on  plates. 

It  is  essential  to  keep  a  well-silvered  surface,  sticky  and  pasty. 
The  apron  plate  may  require  replating  every  three  or  four  months. 
The  lower  plates  should  wear  several  years.  The  cost  of  replating 
varies  with  the  ore.  I  have  found  it  amounts  to  from  i  to  i^  cents 
per  ton  crushed,  using  a  plating  of  three  ounces  silver  per  square 
foot  of  plate. 

Every  morning  I  take  oil  the  excess  of  amalgam,  but  never 
skin  it  closely.  Rub  up  with  a  piece  of  cotton  domestic  several 
folds  thick,  sprinkling  the  plate  w^ith  quicksilver  from  a  small  shak- 
ing bottle.  I  have  seen  used  a  beer  bottle  with  a  quill  through  the 
cork,  but  this  is  malpractice.  Use  a  small  vaseline  jar  with  a  piece 
of  cotton  tied  taut  over  the  mouth,  and  have  clear,  tepid  water  in  a 
kettle  to  dip  the  rag  in  frequently.  Rub  the  plate  briskly  and 
thoroughly,  being  careful  every  day  to  remove  all  blisters  of 
amalgam.  These  blisters  eat  out  the  silver,  and  therefore  should 
not  be  permitted  to  form.  In  cold  weather  they  are  especially 
troul)lcsome.  If  they  stick  too  tight  for  the  rag,  they  may  be 
gently  scraped  oil  with  a  piece  of  No.  24  stovepipe  iron  shaped 
like  a  flat  scoop  2  inches  wide.  Do  not  use  a  steel  chisel.  Einish 
with  a  final  light  sprinkling  from  the  jar  and  thorough  rubbing 
with  the  cotton  rag;  then  brush  over  with  a  whisk  broom. 

The  lip  plates  are  never  softened  with  quicksilver,  but  are 
every  morning  brushed  off,  or  rather  scrubbed  oft'  with  the  broom, 
to  clean  out  the  sulphurets.  The  lips  will  stand  a  good  stiff  brush- 
ing daily. 

At  4  o'clock  P.M.  and  at  midnight  my  plates  are  again  rubbed 
up,  l)ut  no  amalgam  is  taken  off  at  these  times.  It  therefore  takes 
only  a  few  moments  for  these  two  rubbings.  My  running  time  on 
a  20-stamp  mill  is  twentv-thrce  hours  daily,  because  of  this  careful 
plate  treatment. 

There  are  never  any  globules  of  free  quicksilver  on  the  plates, 
top  or  bottom.     If  the  ore  is  lean  we  feed  less  in  the  battery,  and 
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the  rubbing-  up  is  so  carefully  done  that  it  never  leaves  drops  of 
quicksilver  on  the  plates. 

The  quicksilver  fed  is  weighed  at  every  shift  in  troy  ounces, 
and  a  daily  record  is  kept.  I  never  weigh  out  an  allowance  to  my 
millmen.  They  know  what  is  expected,  and  careless  work  reveals 
itself  immediately  on  a  plate.  At  clean-up  there  should  be  little  or 
no  free  quicksilver  in  the  mortars  around  the  dies. 

Battery  water  at  55°  F.  will  give  good  results.  It  is  essential 
to  avoid  sudden  changes.  I  never  saw  a  reliable  mechanical  heater. 
Perhaps,  where  oil  is  cheap,  the  incubator  lamp  would  work. 

I  rely  upon  keeping  the  plate  room  warm  because  I  am  afraid 
of  the  sloughing  ofif  of  amalgam,  which  inevitably  follows  a  sudden 
rise  of  20°  to  30"  in  the  temperature  of  the  water.  I  am  still  study- 
ing the  problem  of  keeping  the  water  uniformly  at  65°. 

AUTOMATIC    SAMPLING. 

The  custom  of  sampling  tailings  with  a  dipper  by  hand  every 
half-hour,  more  or  less,  has  but  little  to  commend  it. 

It  is  to  the  owner's  interest  to  know  exactly  what  the  tailings 
assay.     It  is  to  the  millman's  interest  to  keep  the  tailings  low. 

The  hand  sampler  will  soon  learn  how  to  sample  judiciously, 
from  his  point  of  view,  but  no  one  can  coach  an  automatic  sampler 
driven  by  machinery. 

It  is  absurd  to  take  off  the  sample  by  hand  from  the  tail  of 
the  vanner.  - 

Several  kinds  of  excellent  automatic  samplers  are  in  use,  but 
I  will  not  take  the  time  to  describe  them.  However  the  sample 
be  taken,  it  should  be  evaporated  to  dryness  for  the  assayer.  Do 
not  pour  oft'  the  clear  water ;  you  may  use  a  siphon. 

CLEAN-UP    APPARATUS. 

To  clean  up  I  use  a  wooden  trough  5x2x2  feet ;  a  man  with 
the  hoe;  a  49  rocker,  4  feet  long  by  16  inches  wide;  a  clean-up 
board  5  feet  long  by  12  inches  wide,  with  3-inch  side  rails,  covered 
with  a  silvered  plate;  a  buck  and  a  wedgewood  mortar;  a  small 
iron  screen  -^-inch  mesh. 

Into  the  trough  throw  all  the  mortar  dirt ;  sprinkle  freely  with 
quicksilver ;  turn  in  boiling  water ;  then  hoe  the  mass  about 
thoroughly  with  hoe  and  strong  four-tined  rake,  so  as  to  break  up 
all  lumps.  The  dirt  is  then  rocked  out,  and  the  resultant  amalgam, 
iron  scraps  and  fine  sands  dumped  upon  the  clcan-up  board,  and 
the  sand  washed  out  with  a  hose  stream.  The  iron  is  taken  out 
by  magnet.     Grind  the  amalgam  a  few  minutes  in  the  buck  mortar ; 
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rewash  on  the  board,  giving-  a  final  bath  of  quicksilver  in  a  wedge- 
wood  mortar  to  skim  oft"  the  dross.  To  make  sure  there  are  no 
lumps  or  bits  of  iron,  copper  or  brass,  strain  through  the  ^-inch 
screen  ami  regrind  the  lumps. 

By  this  process  two  men  will  in  two  hours  clean  u\)  a  20-stamp 
mill  and  leave  not  over  $50  in  the  sands. 

These  sands  are,  of  course,  put  back  in  the  batteries  at  the 
following  run. 

I  would  clean  up  a  100  or  a  500-stamp  mil!  by  the  same 
process,  except  that  the  mixing  would  be  done  by  what  the 
macadamizing  men  call  a  "rattler''  or  revolving  trommel;  rattler 
and  rocker  to  be  driven  by  power. 

Clean-up  barrels  and  pans  flour  the  quicksilver,  and  thereby 
entail  unnecessary  losses  of  gold. 

The  clean-up  room  should  have  a  cement  floor.  All  wash 
water  should  pass  into  settling  boxes  or  tanks. 

CONCENTR.-VTORS. 

Concentration  is  too  broad  a  question  to  be  discussed  here ; 
so  much  depends  upon  the  characteristics  of  the  metals  and  the 
gangues. 

In  too  many  mills  the  crew  is  inadequate,  so  that  both  batteries 
and  vanners  suft'er  alternately  as  the  solitary  millman  trots  up  and 
down  stairs  vainly  attempting  to  do  the  work  of  several  men.  I 
never  saw  a  dozen  belt  vanners  in  any  mill  all  working  right  for 
over  five  minutes  at  a  time. 

For  the  average  gold  mill  the  concentrator  should  not  be 
oversensitive.  There  is  a  wide  difference  in  this  respect  between 
the  various  belt  vanners.  Don't  pay  much  heed  to  the  advertised 
competitive  tests. 

It  is  because  of  their  extreme  sensitiveness  to  variance  of  load 
or  water  that  I  am  disposed  to  think  that  the  reign  of  the  belt 
vanner  is  about  over. 

What  is  wanted  is  a  machine  that  will  not  go  awry  at  every 
little  variance  of  pulp. 

The  belt  vanner  seems  to  require  some  experienced  hand 
camped  alongside  it  all  the  time.  In  that  way  the  makers  conduct 
their  misleading  competitive  tests. 

The  Wilfley  concentrator  requires  a  heavy  load — 20  to  40 
tons — to  do  eft'ective  work,  consequently  there  would  seem  to  be  no 
room  for  it  in  a  5-stamp  mill.  Possibly  a  smaller  table  would 
scale  down  to,  sav,  a  lo-ton  load.     Manifestly,  any  concentrator 
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with  so  wide  a  range  as  20  to  40  tons  will  not  be  going  wrong  every 
five  minutes. 

It  is  wortliy  of  investigation,  and  it  is  idle  to  object  that  it  has 
no  belt. 

COSTS. 

To  close,  I  present  some  details  of  cost  per  ton  in  a  20-stamp 
mill,  based  upon  a  year's  average, — 16,000  tons, — with  freight  at 
$1.10  per  cwt.  from  San  Franci.-.co;  wages  of  amalgamators,  $3.50; 
of  rock-breaker  men,  $3  : 

Water  power :  rock  breakers $0.0102 

Water  power :  batteries  0884 

Labor,  all,  including  repairs 2862 

Shoes,  dies,  mortar,  liners 0721 

Oil :  light  and  lubricating 0131 

Replating 0100 

Sundries 0024 

Firewood  (4600  feet  altitude)    0081 

Rock-breaker  jaws,  tappets,  bosses,  extras 0130 

Quicksilver  loss,  0.145  <^roy  ounce  per  ton 0052 

Total  per  ton  crushed   $0.5087 

Quicksilver  loss  includes  the  mechanical  losses  from  retorting, 
cleaning  up,  etc.  The  tailings  ran  from  5  to  20  cents.  The  ore  at 
the  monthly  clean-ups  ran  from  $4.75  to  $10.25  P^i*  ton. 

RECAPITULATION. 

Use  a  stamp  mill  because  no  better  machine  for  the  purpose 
has  been  invented. 

Use  a  heavy  stamp  because  it  won't  waste  time,  and  can  be 
run  slow  enough  to  save  wear  and  yet  fast  enough  to  churn,  and 
therefore  amalgamate. 

Have  large  shoe  and  die  areas,  so  as  to  embrace  plenty  of  rock 
at  every  blow. 

Crush  and  also  amalgamate,  the  limit  of  your  crushing  to  be 
taught  by  the  tailings  assays. 

Extract  all  the  practically  recoverable  gold.  If  more  stamps 
are  needed,  build  them. 

The  speed  and  drop  suitable  can  be  determined  only  by  assay- 
ing tailings. 

Catch  the  gold  close  to  the  die. 

Renounce  chock  blocks. 

Don't  slime  by  too  fine  crushing. 

Beware  of  too  much  water. 

Don't  crowd  the  plate  .with  too  much  pulp. 
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Have  the  plate  sticky  and  pasty  with  amalgam,  and  never 
dripping  with  quicksilver. 

Use  a  broad,  steep  plate,  and  hang  up  when  rubbing  up.  Note 
the  use  of  the  word  rub,  not  wipe.  Put  elbow  grease,  and  no  other, 
on  the  plates. 

Don't  be  parsimonious  about  replating. 

Sample  automatically. 

Keep  the  battery  water  temperature  not  below  50°  F. ;  better 
at  65°  or  70°. 
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ON  THE  NEED  OF  EDUCATION  OF  THE   JUDGMENT   IN 
DEALING  WITH  TECHNICAL  1>IATTEKS. 


By  George  W.  Dickie,  Member  of  the  Technical  Society  of 
THE  Pacific  Coast. 

[Read  before  the  Society,  December  7,  1900.*] 

Of  ;J1  teachable  things,  the  education  of  the  judgment  receives 
the  least  attention,  while  its  importance  is  supreme.  I  do  not  know 
of  a  single  university  that  has  a  chair  of  common  sense,  and  in  try- 
ing to  reason  out  wh}'  this  so  important  endowment  is  not  taught 
1  can  think  of  but  one  reason,  and  that  is  the  impossibility  of  finding 
a  man  to  fill  such  a  chair. 

Men  in  all  professions  are  therefore  left  to  acquire  this  most 
important  part  of  their  education  as  they  acquire  practical  experi- 
ence, and  in  most  cases  with  as  little  success. 

It  is  an  unfortunate  condition  with  us  that  we  are  nearing  the 
end  of  our  work  before  we  realize  how  important  a  factor  judg- 
ment is  in  all  questions  of  importance  that  come  before  us  in  our 
everyday  experience. 

Self-education  in  the  matter  of  judgment  is  a  life-long  mental 
discipline.  One  of  the  most  important  points  in  this  process  is  very 
difiicult  to  deal  with,  for  every  time  it  comes  up  it  involves  us  in 
an  internal  struggle  which  equally  affects  our  vanity  and  our  ease. 

This  point  consists  in  the  tendency  to  self-deception  in  regard 
to  the  result  we  wish  for.  For  any  one  who  is  not  brought  daily 
to  the  necessity  of  self-correction  in  regard  to  this  tendency,  it  is 
impossible  to  realize  how  all-powerful  the  tendency  is,  and  how  un- 
consciously we  all  yield  to  it.  How  eager  we  all  are  to  seek  for 
such  evidence  as  may  be  in  favor  of  what  we  want  the  result  to  be 
and  to  disregard  any  evidence  pointing  the  other  way.  We  receive 
as  friendly  that  which  agrees  with  our  preconceived  notions,  and 
resist  and  dislike  that  which  opposes  them. 

In  fact,  the  inclinations  we  exhibit  to  receive  and  to  act  upon 
any  report  or  opinion  that  harmonizes  with  our  preconceived 
notions  can  be  compared,  in  degree,  only  with  the  incredulity  we 
entertain  toward  everything  that  opposes  them.  And  all  this  goes 
on  unconsciously,  while  we  honestly  believe  that  our  judgment  is 
entirely  free  and  unbiased. 

It  is  my  purpose  to  try,  in  as  simple  and  direct  language  as  I 
am  able  to  use,  to  point  out  some  of  the  ways  in  which  we  fail  to 
exhibit  sound  judgment  in  dealing  with  the  engineering  problems 
that  confront  us  every  day. 

*Mannscript  received  December  13,  1900. — Secretary,  Ass'n  of  Eng.  Socs. 
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Jn  niy  work,  how  do  I  suffer  from  lack  of  judgment  on  the 
part  of  myself  and  those  connected  with  me,  and  how  could  nnich 
of  that  sufTering  be  avoided,  thereby  reaching  results  with  less 
waste  of  labor  and  time?  This  is  an  inquiry  worth  making,  even  if 
the  answer  be  not  quite  satisfactory. 

There  is  fast  growing  up  a  system  which,  if  I  understand  the 
direction  in  which  it  is  moving,  proposes  to  dispense  with  the  neces- 
sity for  the  exercise  of  judgment  in  dealing  with  everyday  engi- 
neering problems.  Young  men  without  experience,  and  who  have 
never  had  the  chance  to  acquire  an  educated  judgment,  are,  as  a 
rule,  put  in  charge  of  very  important  work,  and  a  set  of  instruc- 
tions is  provided  for  their  guidance,  which  instructions  are  sup- 
posed, if  rightly  carried  out,  to  obviate  the  necessity  for  any 
exercise  of  judgment  on  the  part  of  the  person  in  charge. 

Those  of  us  who  are  carrying  out  large  contracts  with  the 
Government  and  with  some  public  companies  find  it  hardly  pos- 
sible to  get  anything  decided  by  sound  judgment  based  on  experi- 
ence. I  have  often  tried  to  reason  from  my  own  experience  with 
young  inspectors  of  work,  but  that  kind  of  reasoning  is  not  now 
admissible.  Printed  instructions  are  produced,  with  the  intima- 
tion that  these  must  be  adhered  to  in  every  particular,  the  inspector 
having  no  discretion  in  the  matter.  I  have  often  traced  these 
l)rinted  instructions  back  to  their  source,  and  found  the  author  to 
be  a  man  whom  I  would  not  like  to  trust  with  doing  the  work 
covered  by  them. 

In  mechanical  engineering  and  kindred  business,  such  as  ship- 
building, the  great  bulk  of  the  designing  is  done  by  the  contractor, 
all  working  plans  being  prepared  by  him.  He  is  also  held  respon- 
siljlc  for  the  result ;  yet  all  his  plans  must  be  .nibmitted  to  a  young 
and,  from  the  very  nature  of  the  case,  inexperienced  inspector, 
who.  however  clever  he  may  be  in  solving  theoretical  questions 
relating  to  the  device  in  question,  has  never  had  to  make  those 
things  himself  and  to  be  responsible  for  their  working  after  being 
made,  and  for  their  costing  no  more  than  he  said  they  would  cost 
before  he  began. 

Now,  the  young  inspector  reads  in  his  book  of  instructions, 
generally  in  a  preface,  that  the  object  of  printing  these  instruc- 
tions is  for  the  proper  protection  of  the  interests  of  the  Government. 
In  a  decision  bv  the  Judge  Advocate  of  the  United  States  navy, 
I  read  the  other  day  that  the  aim  and  intent  of  the  wording  of  the 
specifications  and  contract  for  the  building  of  a  warship  were 
solelv  to  protect  the  interests  of  the  Government. 

Now,  my  idea  has  always  been  that  the  object  of  the  specifica- 
tions and  contract,  when  fully  carried  out.  was  to  produce  the  best 
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possible  warship  of  the  kind  specified ;  that  there  were  two  parties 
to  the  contract,  and  that  the  interests  of  one  needed  protection  just 
as  much  as  the  other.  The  language  used  in  the  decision  mentioned 
shows  how  difficult  it  is  for  an  inspector  to  use  sound  judgment, 
even  if  he  has  it  at  his  command.  When  a  plan  is  presented  to 
him  by  which  3'ou  propose  to  carry  out  the  object  of  the  specifica- 
tion, he  looks  at  it  with  the  distrusting  notion  in  his  mind  that  you 
have  used  what  skill  you  possess  to  design  this  part  01  the  work  as 
cheaply  as  possible,  and  that  it  is  his  business  to  stand  between  you 
and  the  object  of  your  desire;  and  he  will  not  reason  with  you  as 
to  the  why  and  wherefore  of  your  design  without  putting  you  on 
the  defensive  in  regard  to  your  own  character  instead  of  that  of 
3^our  design.  And  when  he  has  found  out  where  he  can  add  some- 
thing to  your  design,  to  increase  its  cost  without  spoiling  it,  he  is 
very  likely  to  do  so,  as  he  thereby  tickles  his  own  vanity  by  impress- 
ing you  with  his  power  and  cuts  you  out  of  doing  the  thing  with 
the  simplicity  and  economy  that  you  were  planning  for. 

This  shows  the  need  of  an  educated  judgment  on  the  part  of 
such  an  inspector.  And  of  course  it  might  be  the  other  way.  The 
contractor,  in  making  his  design,  may  allow  his  self-interest  to  rob 
him  of  all  sound  judgment,  and  his  desire  for  a  simple  and  cheap 
device  may  lead  him  into  making  something  that  would  not 
properly  meet  the  requirements  of  his  contract.  What  is  needed  is 
an  honest  endeavor  on  both  sides  to  cultivate  the  growth  of  a  sound 
judgment  that  can  decide  technical  questions  altogether  apart  from 
the  personal  interests  of  the  parties. 

In  no  question  is  sound  judgment,  based  on  long  experience, 
more  necessary  than  in  the  many  disputes  that  arise  regarding 
workmanship  and  material.  Here,  where  an  educated  judgment 
is  most  required,  we  find  that  self-interest  and  hard  and  fast  rules 
interfere  most  with  its  application.  When  I  look  back  over  the 
many  battles  I  have  had  with  inspectors  who  demanded  their  pound 
of  flesh  when  it  could  not  possibly  be  got  without  blood, — some- 
times all  the  judgment  lacking  on  the  one  side,  and  sometimes  on 
the  other,^ — I  wonder  why  we  should  continue  beating  the  air  over 
questions  that  with  the  exercise  of  a  small  amount  of  sound  judg- 
ment would  never  be  raised. 

A  good  many  years  ago,  while  in  the  casting  yard  one  morn- 
ing, I  noticed  a  propeller  casting,  a  solid  cast  wheel  which  had,  as 
many  of  them  are  apt  to  have,  some  gas  checks  across  the  back.  I 
did  not  consider  that  the  small  defect  should  be  any  reason  for 
condemning  the  casting.  That  was  my  judgment.  Perhaps  I  was 
assisted  in  forming  this  judgment  by  a  strong  desire  to  save  the 
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cost  of  another  casting.  When  the  superintending  engineer  of  the 
company  for  wh.ieh  this  wlieel  was  made  saw  the  casting,  he 
promptly  comlemned  it.  and  no  anmnnt  of  reasoning  on  my  part 
could  alter  his  judgment.  There  l)eing  no  desire  on  his  part  to 
help  his  judgment  to  concur  with  mine,  he  would  take  no  chances 
with  a  wheel  having  any  visible  defect.  And  he  believed  that  my 
opinion  was  formed  entirely  on  self-interest,  while  his  was  founded 
on  the  high  plane  of  engineering  prudence. 

In  this  particular  case  I  thought  it  worth  while  to  test  the 
foundation  upon  wdiich  each  of  us  based  our  judgment.  So  I  said 
to  him,  "Your  company  pays  for  this  wheel  9  cents  per  pound,  and 
it  costs  my  company  6  cents.  If  I  make  another,  we  will  lose  3 
cents  per  pound  instead  of  making  3  cents  per  pound.  Now,  I 
think  that  I  am  right  in  claiming  that  the  slight  defect  in  this  cast- 
ing is  no  ground  for  condemnation,  but  in  order  to  save  actual  loss 
your  company  can  have  the  present  wheel  for  6  cents  per  pound." 

"Well,"  said  he,  "now  you're  talking  reasonably.  I  will  see 
our  people  about  it  and  let  you  know."  Within  an  hour  this  wheel 
was  accepted  and  went  into  service,  and,  so  far  as  I  know,  had  a 
long  and  useful  life. 

Xo\v,  I  myself  might  have  acted  just  as  this  engineer  did,  but 
the  transaction  illustrates  how  much  we  are  all  influenced  by  our 
own  desires  in  these  questions  instead  of  by  sound  judgment,  and 
how  difficult  it  is  to  know  when  the  decision  is  prompted  by  desire 
when  we  think  we  are  exercising  our  judgment. 

Our  whole  modern  method  of  testing  and  inspecting  materials 
is  founded  on  the  belief  that  the  faculty  of  judgment  in  an  inspector 
is  a  dangerous  thing,  and  that  all  excuse  for  its  cultivation  must  be 
eliminated  from  his  mental  stock  in  trade. 

The  other  day  I  saw  condemned  and  broken  up  a  large  bronze 
casting  that  had  cost  about  $3000,  because  the  coupons  or  test 
pieces  showed  less  tensile  strength  than  the  specifications  required. 
The  casting  itself  was  perfectly  sound  and  very  tough;  in  fact, 
admirably  suited  for  the  purpose  fof  which  it  was  made,  and  not 
the  slightest  doubt  of  its  character  was  expressed  by  any  one  who 
saw  it.  Yet,  because  the  test  piece  was  required  to  show  55,000 
pounds  tensile  strength  per  sectional  inch  and  broke  at  44,000 
pounds,  a  great  deal  of  labor  and  costly  material  was  deliberately 
destroyed,  the  inspector  claiming  that  he  had  no  discretion,  which 
means  no  judgment,  to  exercise;  and,  when  the  case  was  appealed 
to  a  higher  authority,  that  authority,  who  could  not  see  this  good 
piece  of  work,  entirely  suited  for  its  place  in  the  structure  and 
with  ample  margin  of  strength,  simply  sent  to  destruction  with  the 
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careless  remark,  written  officially  from  the  other  side  of  the  coun- 
try, that  the  requirements  of  the  specifications  must  be  fulfilled. 

You  must  not  understand  me  to  mean  that  physical  tests  are 
not  very  important  in  deciding  the  quality  of  material,  but  when 
applied  without  judgment  they  may  result  in  great  waste  of  both 
labor  and  material,  for  they  do  not  present  the  whole  case,  even  as 
to  the  character  of  the  material  of  which  the  test  pieces  themselves 
are  made. 

We  often  have  plates  of  steel  where  the  test  pieces,  cut  directly 
from  the  plate,  will  give  fine  results,  say  60,000  pounds  tensile 
strength  and  elongation  of  30  per  cent,  in  8  inches,  and  will  double 
over  on  themselves  without  sign  of  fracture,  and  yet  the  plate  itself 
would  break  like  glass  in  bending  over  a  large  radius. 

I  have  cut  test  pieces  right  out  of  plates  that  would  not  bend 
at  all,  and  the  test  pieces  would  double  over  on  themselves  without 
sign  of  fracture. 

Not  long  ago  I  had  a  plate  of  Government  material  to  bend 
on  the  press  for  a  keel  plate,  but  the  plate  broke  hopelessly  in 
bending.  There  was  no  other  plate  to  replace  it  of  material  that 
had  been  tested  and  accepted  for  Government  use,  and  the  inspector 
would  not  allow  any  other  plate  to  be  taken  for  the  purpose. 

I,  however,  took  a  plate  of  steel  for  merchant  work  and  bent  it 
to  the  required  lorm  with  no  sign  of  fracture.  We  cut  a  test  piece 
out  of  the  broken  plate,  right  by  the  fracture,  and  it  showed  61,000 
pounds  tensile  strength  and  28  per  cent,  elongation,  and  bent  over 
on  itself  without  fracture.  Then  we  took  a  test  piece  out  of  the 
plate  that  had  been  successfully  bent  to  the  desired  form  and 
showed  62,000  pounds  tensile  strength  and  22  per  cent,  elongation, 
and  it  broke  before  it  had  completely  bent  over  on  itself. 

Therefore  the  perfectly  bent  plate  was  not  allowed  to  be  used 
because  the  test  piece  did  not  meet  requirements. 

Here  the  test  intended  to  guard  against  the  use  of  unsuited 
material  resulted  in  preventing  the  use  of  eminently  suitable  mate- 
rial;  not  because. ot  anything  wrong  in  the  test,  but  through  the 
lack  of  judgment  in  applying  the  result  of  the  test  to  the  desired 
end. 

I  could  multiply  cases — they  are  of  almost  everyday  occur- 
rence— where  the  lack  of  judgment  in  regard  to  the  value  of  tests 
results  in  needless  loss  and  in  great  delay  in  carrying  out  work. 

Lack  of  judgment  is  often  manifested  in  a  demand  for  un- 
reasonably strict  compliance  with  a  specification  that  makes  no 
allowance  for  ordinary  imperfections  in  all  products,  even  of  the 
most  skillful  workmen. 

Not  many  days  ago  I  had  such  a  case  to  deal  with  in  building 
a  small  marine  boiler  for  the  Treasury  Department  under  a  very 
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strict  specification.  1  found  that  it  would  make  better  work  to 
weld  the  plate  forming  tiie  sides  of  the  -^ombustion  chamber,  as  the 
seam  was  in  the  way  of  the  stays  as  shown  in  the  drawing.  The 
inspector  thought  so  too,  so  the  plate  was  welded ;  but  the  slight 
waste  in  heating  resulted  in  the  plate  being  one-thirty-second  of  an 
inch  thin  at  the  weld.  I  did  not  foresee  this,  but  the  inspector 
discovered  that  the  plate  was  slightly  thinner  at  the  weld,  and,  the 
specification  requiring  a  certain  thickness  of  plate,  the  work  was 
suspended  until  a  decision  should  come  from  Washin-^lon.  The 
decision  came  in  due  course  and  in  the  usual  form,  instructing  the 
inspector  to  require  the  work  according  to  the  specificate  :)ns. 

Now,  if  this  had  been  made  as  specified,  with  a  riveted  joint, 
its  strength  would  have  been,  say,  67  per  cent,  of  the  plate,  while 
the  welded  joint  gave  92  per  cent.  Yet,  notwithstanding  all  this, 
the  work  was  condemned  and  thrown  away. 

This  loss  did  not  result  from  any  desire  on  the  part  of  the 
inspector  or  his  superior  to  cause  loss  to  the  contractor,  but  simply 
from  a  failure  on  their  part  to  apply  sound  judgment  to  the  ques- 
tion before  them. 

A  plan  or  specification  is  an  instrument  to  be  used  for  the 
production  of  a  certain  piece  of  engineering  work.  The  thing 
produced  is  the  only  reason  for  the  instrument  being  brought  into 
•existence,  and  when  once  the  instrument  has  served  its  purpose  its 
value  disappears. 

Yet  engineers  engaged  to  apply  this  instrument  are,  as  a  rule 
(especially  the  young  men),  more  intent  on  applying  the  instru- 
ment than  in  considering  what  the  instrument  may  be  doing,  for- 
getting that  the  instrument  can  of  itself  produce  nothing,  and  that 
if  not  applied  with  judgment  it  will  produce  only  such  things  as  the 
man  that  made  the  instrument  could  himself  produce.  But,  when 
applied  with  the  correcting  power  of  sound  judgment,  acquirccfin 
the  production  of  similar  things  wath  other  instruments,  it  becomes 
pliable  in  the  hand  of  a  master,  and  the  result  is  the  combined 
power  of  the  instrument  with  the  trained  judgment  of  him  that 
applies  it. 

All  technical  men  engaged  in  producing  tangible  things  out  of 
ideas  expressed  in  our  defective  language,  interpreted  by  some 
one  perhaps  better  acquainted  with  words  than  with  things,  and 
whose  judgment  has  not  been  matured  by  any  intimate  knowledge 
of  the  actual  work  that  the  specification  he  is  to  enforce  is  intended 
to  produce,  feel  how  hard  it  is  to  get  their  position  understood, 
and  how  often  they  must  do  things  against  their  better  judgment 
for  fear  it  may  be  thought  that  their  own  interest,  and  not  their 
experience,  is  the  foundation  on  which  their  judgment  rests. 
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OBITUARY. 


Joliu  H.  Blake. 


By  Frederick  Brooks  and  William  B.  Fuller,  Committee  of  the  Boston 
Society  of  Civil  Engineers. 


John  H.  Blake,  youngest  son  of  Thomas  and  Mary  Lowell 
(Barnard)  Blake,  was  born  December  5,  1808,  at  the  South  End  of 
Boston,  near  where  the  Cathedral  now  is.  His  ancestors  lived  in 
Dorchester,  in  the  old  Blake  house,  now  kept  as  a  historical 
museum  in  charge  of  the  Dorchester  Historical  Society.  It  is  at 
Dorchester  Five  Corners,  recently  called  Edward  Everett  Square, 
a  short  distance  from  where  it  originally  stood. 

John  H.  Blake  was  educated  in  the  Boston  public  schools, 
being  in  the  English  High  School  in  1821  in  the  first  class  that 
entered  the  school. 

The  earlier  portion  of  his  business  career  was  connected  with 
chemistry  and  mining.  He  established  a  laboratory  at  Jamaica 
Plain,  Mass.,  for  the  manufacture  of  pure  chemicals.  He  and  his 
brother-in-law,  Otis  Everett,  Jr.,  were  in  partnership  as  chemists 
on  South  Market  street  down  to  about  1837.  He  made  a  journey 
to  Peru  in  1835  for  the  purpose  of  investigating  the  niter  beds. 
He  surveyed  the  Atacama  region  and  explored  an  ancient  cemetery 
at  Arica,  and  made  a  collection  of  mummies  and  other  interesting- 
objects,  which  has  been,  since  1878,  in  the  Peabody  Museum  of 
American  Archaeology  and  Ethnology  at  Cambridge.  Drawings 
and  descriptive  notes  by  Mr.  Blake  were  published  in  the  second 
volume  of  the  reports  of  the  museum,  pages  277  to  304,  and  in  the 
annual  report  of  the  curator  the  collection  is  spoken  of  as  one  of 
the  most  important  additions  of  the  year.  After  Mr.  Blake's  return 
from  South  America  he  took  charge  of  copper  mines  at  San  Fer- 
nando, Cuba,  and  he  explored  the  Isle  Royale*  region  at  Lake 
Superior.  In  his  office  practice  he  was  liberal  in  giving  his  pro- 
f.essional  brethren  the  benefit  of  his  ideas,  regarding  that  as  his 
contribution  to  the  advancement  of  science.  He  made  suggestions 
to  Babbitt  about  the  alloy  suitable  for  bearings,  and  to  Goodyear 
about  the  vulcanization  of  India  rubber. 

About  1848  to  1864  Mr.  Blake  was  in  business  as  a  consulting 
chemist  and  civil  engineer  in  partnership  with  Franklin  Darracott 
(who  was  a  member  of  the  Boston  Society  of  Civil  Engineers), 
with  offices  on  State  street  and  in  Phoenix  Building.  Their  busi- 
ness was  largely  gas  engineering.     They  built  the  Worcester  and 

*The  northeastern  extremity  of  the  island  is  called  Blake's  Point. 
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Lawrence  gas  works,  wliieli  Mr.  lUake  organized.      .Mr.  lllake  was 
at  one  time  president  of  tive  gas  companies. 

In  the  later  part  of  liis  business  career  Mr.  lUake  became 
interested  in  street  railways,  and  was  i)resideni  of  the  Metropolitan 
Railroad  Company  and  of  the  Middlesex  Railroad  Company.  He 
filled  other  important  business  and  administrative  positions. 

He  was  elected  a  fellow  of  the  .American  Academy  of  Arts  and 
Sciences  May  30,  1843. 

Mr.  Blake  was  one  of  the  founders  of  the  Boston  Society  of 
Civil  Engineers,  being  one  of  the  five  who  met  at  the  preliminary 
meeting  of  April  26,  1848,  and  cne  of  the  committee  to  draft  a 
constitution  May  8,  1848.  He  was  the  first  Secretary  of  the  Society, 
his  term  of  office  being  from  July  3,  1848,  to  March  6,  1849.  On 
April  4,  1849,  ^^  submitted  for  examination  a  model  of  a  water 
meter.  He  wrote  one  of  the  earliest  papers  discussed  before  the 
Society  on  the  use  of  lead  pipes  as  service  pipes.  He  was  one  of  a 
committee  who  reported  August  5,  1850,  on  the  explosion  of  a 
locomotive  boiler.  Their  report  was  printed  in  the  Boston  Courier 
of  August  9.  1850.  After  the  revival  of  the  Society  Mr.  Blake 
was.  with  others  of  the  earlier  members,  made  an  honorary  mem- 
ber June  20,  1877. 

His  dominant  characteristics  were  his  simple  faith,  his  courage, 
his  kindliness,  his  love  of  truth  and  his  earnest  desire  not  to  fail  in 
doing  his  part  of  the  world's  work. 

In  his  last  years  he  was  a  confirmed  invalid,  but  his  mind 
remained  active.  He  continued  to  reside  in  Boston  with  his  son, 
Dr.  Clarence  J.  Blake.  He  died  July  5,  1899.  in  his  ninety-first 
year.  Within  the  next  four  months  occurred  the  deaths  of  two  of 
the  other  gentlemen  with  whom  he  had  been  engaged  a  half  cen- 
tury before  in  the  formation  of  the  Boston  Society  of  Civil  Engi- 
neers, ^^'illiam  S.  Whitwell  and  Samuel  Nott. 

Frederick  Brooks, 
Wm.  B.  Fuller, 
Coiiiiiiitfcc  of  Ihr  Bos/nn  S,>rlrfy  of  Civil  Eii:iiiccrs. 
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RosucU  H.  St.  John. 


By  a.  Lincoln  Hyde,  John  W.  Langley  and  A.  H.  Porter,  a  Committee 
OF  THE  Civil  Engineers'  Club  of  Cleveland. 


RosvvELL  H.  St.  John,  a  member  of  the  Civil  Engineers' 
Club  of  Cleveland,  was  born  in  Cincinnati,  Ohio,  in  1832.  He 
was  of  English  lineage,  his  ancestors  having  come  to  this  country 
from  England  in  1700.  While  he  was  yet  a  boy  his  parents  re- 
moved to  Springfield,  Ohio,  where,  after  receiving  a  common 
school  education,  he  learned  the  trade  of  watchmaker  and  jew- 
eler. He  was  engaged  later  in  this  line  of  business  in  Bellefon- 
taine,  Ohio,  and  perfected  various  inventions  applicable  to  his 
trade.  Among  these  was  the  St.  John  universal  chuck  lathe,  said 
to  be  the  first  foot  lathe  used  by  watchmakers. 

At  the  breaking  out  of  the  war  of  the  Rebellion,  he  was  ap- 
pointed member  of  the  county  military  committee  and  later  pro- 
vost marshal  for  the  fourth  military  district  of  Ohio.  He  con- 
tinued in  the  latter  position  until  the  close  of  the  war. 

On  the  return  of  peace  he  again  devoted  himself  to  business, 
and  became  interested  in  sewing  machines  both  as  an  inventor 
and  manufacturer.  He  developed  a  number  of  valuable  improve- 
ments in  this  line,  and  in  1877  the  wSt.  John  sewing  machine  was 
perfected  and  a  large  factory  for  its  manufacture  was  established 
at  Springfield,  Ohio. 

Mr.  St.  John  took  up  his  residence  in  Cleveland  in  1885,  and 
shortly  after  commenced  work  on  the  typobar.  He  conceived  the 
idea  of  making  a  type  bar  by  what  he  termed  the  cold  process, 
the  bar  being  produced  by  pressing  a  solid  body  and  a  strip  of 
flowing  type  metal  together  against  assembled  matrices,  no  heat 
being  used.  The  operation  forces  a  strip  upon  a  tongue  on  the 
body  of  the  bar  and  at  the  same  time  imprints  the  assembled 
characters  upon  the  strip.  The  development  of  the  process  and 
a  machine  for  its  execution  wholly  engrossed  Mr.  St.  John's  time 
for  the  past  ten  years. 

Mr.  vSt.  John  took  his  completed  machine  to  New  York  late 
in  the  year  1898,  and  the  St.  John  Typobar  Company,  capitalized 
at  $8,000,000,  was  organized  by  New  York  and  Washington 
capitalists.  A  factory  for  the  manufacture  of  his  invention  is  to 
be  built  in  Cleveland.  Mr.  St.  John  had  just  returned  to  the  city 
and  was  engaged  in  the  purchase  of  machinery  for  the  plant  a  day 
or  two  before  his  death.  He  died  of  heart  failure  at  his  residence 
on  Case  avenue,  July  2j,  1900,  after  an  illness  of  but  a  few  hours. 
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Mr.  St.  John  married  in  1852,  and  his  widow  and  four  childrt-n, 
two  sons  and  two  daughters,  survive  him. 

Mr.  St.  John  became  a  member  of  the  Civil  Engineers'  Chib 
of  Cleveland  in  1890,  and  although  not  a  regular  attendant  at  the 
meetings,  he  ever  had  the  best  interests  of  the  Club  at  heart,  and 
was  highly  esteemed  and  respected  by  those  members  who  came 
in  contact  with  him. 

It  is  fitting  that  the  following  resolutions  to  his  memory  be 
adopted: 

Whereas,  RoswcII  H.  St.  John,  member  of  the  Civil  Engineers'  Club  of 
Cleveland,  died  on  Friday,  July  27,- 1900;  therefore,  be  it 

Resolved,  That  this  death  has  removed  from  us  one  of  our  esteemed 
members,  and  that  the  sincere  sympathy  of  the  Club  be  extended  to  the  mem- 
bers of  his  family. 

A.  Lincoln  Hyde, 

John  W.  Langley, 
A.  H.  Porter, 

Coiiniiitfce  of  the  Civil  Engineers'  Club  of  Cleveland. 
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PROCEEDINGS. 


Louisiana  Engineering'  Society. 


A  SPECIAL  meetinoj  of  the  Society  was  held  on  May  7,  1900,  at  8.15  p.m., 
to  take  action  upon  the  act  prepared  by  the  Legislative  Committee  for  the 
Society  to  indorse. 

President  Malochee  called  the  meeting  to  order  with  the  following  mem- 
bers present :  Messrs.  Coleman,  Bell,  Hardee,  Ordway,  Benson,  Wright, 
Theard,  Tutwiler,  Flannagan,  Jno.  Richardson,  Black  and  Lombard.  There 
were  also  present,  by  invitation,  two  guests.  Mr.  William  Woodward  was 
the  only  architect  who  responded  to  the  numerous  invitations  sent  out  to  the 
architects  of  the  city. 

The  Legislative  Committee  submitted  a  written  report,  placing  before  the 
Society  a  neatly  and  conveniently  printed  act  regulating  the  practice  of  en- 
gineering and  surveying,  and  asking  the  Society's  indorsement  of  same. 
By  motion,  duly  seconded,  the  report  of  the  committee  was  received,  and  the 
act  taken  up  section  by  section,  with  the  understanding  that  any  voting  done 
by  the  members  of  the  Society  upon  the  amending  or  the  approving  of  the 
act  or  any  part  of  same  was  not  to  be  considered  binding  upon  such  mem- 
bers to  support  the  act,  or  any  act  looking  for  legislation,  but  was  merely  for 
the  purpose  of  determining  the  proper  and  best  form  of  act,  in  case  it  was 
subsequently  determined  to  seek  legislation,  either  with  the  indorsement  of 
the  Society  or  without  it.  After  full  discussion  a  few  amendments  were 
made. 

A  motion  was  then  put  and  carried  whereby  the  adoption  of  the  act  as 
amended,  and  in  its  entirety,  was  postponed  until  next  Monday,  May  14, 
when  the  regular  monthly  meeting  will  occur,  in  order  to  give  the  architects 
another  chance  to  join  us  in  a  conference  before  we  finally  adopt  any  act. 
In  the  same  motion  the  Secretary  was  instructed  to  issue  notices  of  said  con- 
ference for  May  14,  inviting  all  the  practicing  architects  and  others  interested 
in  the  proposed  legislation  to  attend  not  only  the  conference,  but  the  meeting 
of  the  Society  as  well,  and  offering  them  the  use  of  the  lloor  during  the  con- 
ference. 

Professor    Woodward's    views    were    listened    to    with    interest.     By    a 

unanimous  vote  of  those  present  the  meeting  hour  next  Monday  was  changed 

to  7.30  instead  of  8  o'clock  as  usual. 

The  meeting  then  adjourned  at  11  p.m. 

Gervais  Lombard,  Secretary. 
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On  May  14,  1900,  the  regular  monthly  meeting  of  the  Society  was  called 
to  order  at  8  p.m.  by  President  Malochee,  with  twenty-four  members  and  ten 
guests  present. 

The  minutes  of  the  last  regular  monthly  meeting  and  of  the  two  special 
meetings  of  the  Society  held  since  were  read  and  approved. 

The  minutes  of  the  last  regular  monthly  meeting  of  the  Board  of  Di- 
rection were  read  for  the  information  of  the  Society. 

There  was  no  report  from  the  House  Committee,  but  the  Chairman  of 
the  Library  Committee  reported  that  the  back  numbers  of  the  journals  and 
magazines,  which  were  ordered  bound,  were  ready  for  the  shelves  and  would 
be  sent  here  in  a  day  or  two. 

The  Chair  announced  that  he  was  sorry  to  inform  those  present  that 
Mr.  James  C.  Haugh,  who  was  to  have  read  a  paper  at  this  meeting  upon 
"Pile  Driving  and  Creosoting,"  was  absent  from  the  city,  and  that  there  would 
be  no  paper  read  to-night.  Hereupon  a  motion  was  put  and  carried  that  Mr. 
Haugh  be  requested  to  read  his  paper  at  the  next  regular  meeting  of  the  So- 
ciety, and  that  Mr.  Hardee  be  asked  to  come  prepared  to  read  his  paper,  in 
case  Mr.  Haugh  should  be  out  of  the  city  on  that  occasion. 

The  resolution  introduced  by  Mr.  Theard  at  the  last  meeting,  and  a 
notice  of  which  was  sent  out  with  the  notices  of  this  meeting,  was  taken  up 
for  consideration,  and  after  long  discussion  was  voted  upon  and  lost. 

The  amendment  to  the  Constitution  proposed  by  Mr.  Theard,  notice  of 
which  had  been  given  in  the  same  manner,  was  taken  up,  and  by  motion  ap- 
proved by  the  Society,  and  laid  over  till  next  meeting  for  second  and  final 
vote.     It  is  as  follows  : 

"To  Article  II,  Section  3,  of  the  Constitution,  add :  'He  can  be  trans- 
ferred to  the  grade  of  member  when  qualified  to  become  so  under  Section  2 
of  this  article.'  " 

At  this  point  a  motion  was  put  and  carried  that  the  Society  take  a  recess 
for  half  an  hour  in  order  to  hold  a  conference  with  a  number  of  the  leading 
architects  who  had  been  invited  to  attend  and  give  their  views  upon  the  pro- 
posed legislation. 

At  the  end  of  the  recess  the  meeting  was  again  called  to  order,  and  a 
motion  was  passed  thanking  the  architects  who  had  attended  the  conference, 
in  response  to  our  invitation,  and  inviting  them  to  visit  our  rooms  occasion- 
ally. 

By  resolution,  action  upon  the  act  which  was  proposed  was  deferred. 

Meeting  adjourned  at  10  p.m. 

Gervais  Lombard,  Secretary. 

June  4,  1900. — A  special  meeting  of  the  Society  was  called  to  order  at 
8.20  P.M.  by  President  Malochee,  with  the  following  members  present: 
Messrs.  Malochee,  Theard,  Ordway,  Lawes,  Llewellyn,  Tutwiler,  Zander. 
Wright,  Coleman,  Hyatt,  Benson  and  Armstrong. 

In  the  absence  of  Secretary  Lombard,  Mr.  Coleman  acted  as  Secretary. 
The  object  of  the  meeting  was  to  receive  and  act  upon  the  report  of  the 
Conference  Committee  on  Legislation.  Mr.  Coleman  was  Chairman  of  the 
committee,  and  reported  that  it  would  be  impossible  to  draft  an  act  on  which 
both  the  engineers  and  the  architects  would  agree,  apd  that  the  architects  had 
volunteered,  in  consideration  of  the  elimination  by  this  Society  of  all  reference 
to  architects  and  architecture,  not  to  go  before  the  Legislature  until  the  next 
session.     The  committee  therefore   recommended  that   their  proposition  be 
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accepted.  Mr.  Wright  moved  that  the  report  be  received,  and  its  recom- 
mendation be  adopted.  Seconded  by  Mr.  Hyatt,  and  unanimously  carried. 
The  act  was  then  carefully  gone  over  and  amended  so  as  to  leave  out  any 
reference  to  the  architects  or  architecture,  and  also  to  change  the  length  of 
time  an  engineer  or  surveyor  must  have  practiced  before  the  passage  of  the 
act,  from  three  to  one  year,  in  order  to  be  exempt  from  examination  by  pro- 
posed Board  of  Examiners.  By  motion  duly  seconded,  the  act  as  amended 
was  indorsed  by  the  Society,  and  laid  over  till  the  next  meeting  of  the  So- 
ciety for  the  second  and  final  indorsement.     Adjourned. 

Gervais  Lombard,  Secretary. 


The  regular  monthly  meeting  of  the  Society  was  called  to  order  on  Mon- 
day, June  II,  1900,  at  8.15  p.m.,  by  President  Malochee,  with  seventeen  mem- 
bers and  one  guest  present. 

The  minutes  of  the  last  regular  monthly  meeting,  and  of  the  special 
meeting  of  the  Society  on  June  4,  were  read  and  approved.  The  minutes  of 
the  special  meeting  of  the  Board  of  Direction  on  May  30,  and  of  its  regular 
monthly  meeting  on  June  9,  were  read  for  the  information  of  the  Society. 

The  reports  of  the  Secretary  and  of  the  Treasurer  were  read  and  ap- 
proved. The  Chairman  of  the  Library  Committee  reported  verbally  that  the 
back  numbers  of  journals,  magazines,  etc.,  had  arrived  from  the  binder, 
neatly  bound  in  convenient  volumes,  which  are  now  in  place  in  the  book- 
cases, and  that  the  committee  had  decided  to  index  the  volumes,  and  adopt 
certain  rules  allowing  the  members  to  take  bound  volumes  home  for  short 
periods.  The  committee  also  announced  the  donation  by  Mr.  F.  T.  Llewel- 
lyn of  three  years'  back  numbers  of  the  Engineering  Neius.  By  motion, 
which  was  duly  seconded  and  carried,  the  report  of  the  Library  Committee 
was  received,  and  a  vote  of  thanks  extended  to  Mr.  Llewellyn  for  his  generous 
donation. 

By  motion  the  Board  of  Direction  was  instructed  to  look  into  the  matter 
of  giving  an  outing,  and  to  report  upon  it  at  the  next  meeting  of  the  Society. 
The  action  of  the  Board  of  Direction  in  replying  to  the  Committee  of  the 
Engineers'  Society  of  Western  New  York,  stating  that  our  Society  favored 
a  Congress  of  Engineers  with  an  exhibit  at  the  Pan-American  Exposition  to 
be  held  in  Buffalo,  N.  Y.,  in  1901,  was  ratified  and  approved  by  the  Society. 

By  motion  the  usual  order  of  business  was  suspended,  and  instead  of 
the  technical  exercises  commencing  within  a  half  hour  after  convening,  they 
were  deferred  until  the  other  business  of  the  meeting  was  transacted. 

By  motion,  duly  seconded  and  carried,  the  following  change  in  the  Con- 
stitution, which  was  submitted  by  Mr.  Theard  and  favorably  voted  upon  for 
the  first  time  at  the  last  meeting  of  the  Society,  was  favorably  voted  upon 
for  the  second  and  final  time : 

"To  Article  II,  Section  3,  add:  'He  can  be  transferred  to  the  grade  of 
member  when  qualified  to  become  so  under  Section  2  of  this  article.'  " 

Mr.  Coleman  moved  that  the  Society  indorse  for  the  second  and  final 
time  the  proposed  act  regulating  the  practice  of  engineering  and  surveying, 
which  was  amended  and  favorably  voted  upon  at  the  last  meeting  of  the 
Society.     Seconded  by  Mr.  Theard  and  unanimously  carried. 

It  was  moved  and  carried  that  the  act  thus  indorsed  be  referred  back 
to  the  Legislative  Committee  with  full  power  to  urge  its  adoption  by  the 
Louisiana  State  Legislature,  now  in  session,  but  with  the  understanding  that 
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no  expense  be  incurred  without  first  obtaining  the  sanction  of  the  Board  of 
Direction.  By  motion,  however,  the  Society  authorized  the  committee  to 
reprint  the  act  as  amended,  at  the  expense  of  the  Society,  provided  said  com- 
mittee deemed  it  necessary  to  do  so. 

President  Malochee  was  authorized  to  answer  Mr.  Toledano's  letter, 
and  to  assure  the  architects  that  we  would  not  try  to  include  them  in  our 
act  this  session,  and  in  return  for  their  assistance  this  session  we  would  as- 
sist them,  as  far  as  possible,  when  they  presented  their  act  at  the  next  session 
of  the  Legislature. 

Mr.  Theard  notified  the  Society  in  writing  of  his  intention  to  bring  up 
the  following  proposed  change  to  the  Constitution,  to  be  voted  upon  at  the 
next  meeting  of  the  Society : 

"Article  II,  Section  i.  The  members  of  this  Society  shall  be  designated 
as  members,  associate  members  and  junior  members.  Members  alone  shall 
have  the  right  to  hold  ofifice." 

"Article  VIII.  All  the  rights  of  the  Society  shall  be  common  to  all  the 
grades  of  membership  except  that  of  holding  office,  which  shall  be  confined 
to  members." 

By  motion  it  was  decided  to  take  a  recess  until  such  time  as  Captain 
Hardee  would  be  able  to  read  his  paper,  as  he  was  unavoidably  absent. 

Gervais  Lombard,  Secretary. 


The  regular  monthly  meeting  of  the  Society  was  called  to  order  by 
President  Malochee  on  Monday,  July  9,  1900,  at  8.10  p.m.,  with  eighteen 
members  and  one  guest  present.  In  the  absence  of  Secretary  Lombard,  Mr. 
J.  F.  Coleman  acted  as  Secretary. 

The  minutes  of  the  last  meeting  of  the  Society  were  read  and  approved. 
The  minutes  of  the  regular  meeting  of  the  Board  of  Direction  were  also  read 
for  the  information  of  the  Society. 

Chairman  Theard,  of  the  House  Committee,  stated  that  before  he  went 
any  further  with  his  investigations  in  regard  to  suitable  quarters  for  the  So- 
ciety, when  our  present  lease  expired,  he  would  like  to  have  some  sugges- 
tions from  the  members  of  the  Society. 

The  report  of  the  Library  Committee,  which  had  been  submitted  to  the 
Board  of  Direction,  was  read  in  detail,  and  the  action  of  the  Board  of  Direc- 
tion was  called  to  the  attention  of  the  Society.  The  fines  which  were  sug- 
gested in  the  rules  governing  the  library  were  by  motion  eliminated,  and  the 
rules  so  amended  were  adopted  by  the  Society.  (See  report  of  Library  Com- 
mittee on  file.)  Mr.  Theard's  report  upon  the  reprinting  of  the  charter  and 
By-laws  was  referred  to  the  Board  of  Direction,  said  board  to  report  back. 

Mr.  Theard's  proposed  amendment  to  the  Constitution  which  would  give 
associate  members  the  right  to  vote,  but  not  to  hold  ofiice,  was  taken  up, 
and  when  voted  upon  was  lost. 

Mr.  James  C.  Haugh  was  absent  from  the  city,  but  his  paper  upon  "Pile 
Driving  and  Creosoting  in  Connection  with  the  Construction  and  Mainte- 
nance of  the  Trestle  and  Bridge  Built  l)y  the  N.  E.  R.  R.  Co.  across  Lake 
Pontchartrain"  was  read  by  the  Secretary.  By  motion  a  vote  of  thanks  was 
extended  to  Mr.  Haugh,  and  discussion  was  postponed  until  the  next  meet- 
ing, when  it  was  hoped  that  Mr.  Haugh  would  be  present.  Mr.  F.  T. 
Llewellyn  then  spoke  interestingly  of  his  recent  trip  to  Mexico.  He  was  given 
a  vote  of  thanks  by  the  Society. 

Meeting  adjourned  at  10.10  p.m.  Gervais  Lombard,  Secretary. 
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Eiigiucers'  Club  ot  St.  Louis. 


51OTH  MEi-yriNG,  June  13,  1900. — The  meeting  was  called  to  order  at  8.30 
r.M.  As  neither  President  nor  Vice-President  was  present,  Mr.  Edw.  Flad 
was  chosen  to  preside.  Twelve  members  and  four  visitors  were  present. 
The  minutes  of  the  509th  meeting  were  read  and  approved. 

The  first  paper  of  the  evening  was  presented  by  Mr.  Nils  Johnson,  on 
the  "Duty  Tests  of  High-Service  Pumping  Engines  No.  9  and  No.  10, 
St.  Louis  Water  Works."  A  detailed  description  was  given  of  the  method 
adopted  for  making  the  official  duty  tests  of  the  two  15,000,000-gallon  triple- 
expansion  pumping  engines  designed  and  built  by  the  Edw.  P.  Allis  Com- 
pany, of  Milwaukee,  for  the  St.  Louis  Water  Works.  The  contract  rating  of 
the  engines  called  for  a  duty  of  135,000,000  font  pounds  per  1000  pounds  of  dry 
steam  on  a  running  test  of  twenty-four  hours.  A  forfeiture  by  the  makers  is 
provided  for  in  case  of  failure  of  either  engine  to  perform  the  specified  duty, 
at  the  rate  of  $2000  per  1,000,000  foot  pounds  per  1000  pounds  of  steam.  In 
case  either  engine  exceeded  the  duty  as  per  agreement,  the  maker  was  to  be 
entitled  to  a  bonus  as  reward  for  the  superior  efficiency  of  the  engine,  an 
amount  to  be  in  the  ratio  of  $1000  for  each  1,000,000  foot  pounds  in  excess  of 
135,000,000.  In  the  duty  test  of  twenty-four  hours'  duration,  each  engine 
surpassed  the  contract  rating  by  over  40,000,000  foot  pounds,  earning  a  total 
bonus  of  about  $85,000  for  the  builders. 

The  average  rate  of  dry  steam  per  i  horse  power  per  hour  was  10.7. 

The  results  of  the  above  tests  indicate  the  highest  efficiencies  thus  far 
obtained  with  large  pumping  engines.  These  engines  are  located  at  the 
Baden  High-Service  Pumping  Station.  They  hold  the  distinction  of  being 
record  breakers.  A  number  of  slides  were  shown  illustrating  the  apparatus 
and  general  scheme  adopted  in  the  tests.  A  number  of  tables  were  also 
shown,  giving  results  and  data  of  the  engines.  The  discussion  was  par- 
ticipated in  by  Messrs.   Flad,  Russell,  Freeman  and  Bausch. 

The  second  paper  of  the  evening  was  on  "Tests  for  Elastic  Properties 
and  Ultimate  Strength  of  Concrete,"  by  W.  H.  Henby.  Some  original 
laboratory  investigations  were  made  of  the  elastic  properties  and  ultimate 
strength  of  stone  and  cinder  concrete  in  compression  and  tension  under 
various  conditions.  The  results  of  a  number  of  these  tests  were  presented. 
The  discussion  was  participated  in  by  Messrs.  Russell  and  Johnson. 

The  meeting  adjourned  to  an  adjoining  room,  where  lunch  was  served. 

F.  E.  Bausch,  Secretary. 


Bostou  Society  of  Civil  Eug-inecrs. 


Boston,  Ma.ss.,  May  16,  1900. — A  regular  meeting  of  the  Boston  So- 
ciety of  Civil  Engineers  was  held  at  Chipman  Hall,  Tremont  Temple,  at  8 
o'clock  P.M. ;  President  Alexis  H.  French  in  the  chair.  Sixty-five  members 
and  visitors  present. 

The  record  of  the  last  meeting  was  read  and  approved. 

Mr.  William  C.  Ewing  was  elected  a  member  of  the  Society. 

The  thanks  of  the  Society  were  voted  to  Rear  Admiral  W.  T.  Sampson, 
to  Mr.  Frank  O.  Maxson  and  Mr.  J.  W.  G.  Walker,  civil  engineers  U.  S.  N., 
and  to  Commanders  John  E.  Pillsbury  and  J.  G.  Eaton,  U.  S.  N.,  for  cour- 
tesies extended  to  members  of  the  Society  on  the  occasion  of  the  visit  to  the 
Navy  Yard  at  Charlestown  on  the  i6th  inst. 
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The  Secretary  read  a  series  of  resolutions  which  had  been  received  from 
the  Canadian  Society  of  Civil  Engineers  expressing  their  sincere  appreciation 
of  the  hospitality  shown  to  them  on  the  occasion  of  their  visit  to  Boston. 
The  resolutions  were  beautifully  engrossed  on  parchment  in  colors. 

The  President  then  introduced  Prof.  Louis  Derr,  of  the  Massachusetts 
Institute  of  Technology,  who  read  a  paper,  entitled  "Automobile  Vehicles." 
The  paper  was  very  fully  illustrated  by  lantern  views. 

In  the  discussion  which  followed  the  reading  of  the  paper,  Mr.  Knight 
Neftel,  of  the  New  England  Electric  Vehicle  Transportation  Company,  Mr. 
J.  B.  Blood,  Mr.  G.  S.  Curtis  and  Prof.  Derr  took  part. 

On  motion  of  Mr.  Hodgdon,  the  thanks  of  the  Society  were  voted  to 
Professor  Derr  for  his  interesting  and  instructive  paper. 

Adjourned.  S.  E.  Tinkham,  Secretary. 


Boston,  Mass.,  June  20,  1900. — A  regular  meeting  of  the  Boston  So- 
ciety of  Civil  Engineers  was  held  at  Chipman  Hall,  Tremont  Temple,  at  7.50 
o'clock  P.M.;  President  Alexis  H.  French  in  the  chair.  Forty-five  members 
and  visitors  present. 

The  record  of  the  last  meeting  was  read  and  approved. 

Mr.  Andrew  M.  Lovis  was  elected  a  member  of  the  Society. 

The  Secretary  read  a  communication  from  a  committee  of  the  Engineers' 
Society  of  Western  New  York  in  relation  to  the  Pan-American  Exposition, 
to  be  held  in  Buffalo  from  May  to  November,  1901,  suggesting  that  it  would 
be  a  most  favorable  opportunity  to  gather  an  engineering  exhibit,  and  for  the 
holding  of  a  joint  engineering  congress  or  for  each  Society  to  hold  its  an- 
nual convention  in  that  city  during  the  Exposition.  It  also  asked  for  an 
expression  of  opinion  of  this  Society  upon  the  matter.  On  motion  the  mat- 
ter was  referred  to  the  Board  of  Government  with  full  powers. 

The  President  announced  the  death  of  John  C.  Haskell,  a  member  of  the 
Society,  which  occurred  on  June  12,  1900.  On  motion  the  President  was  re- 
quested to  appoint  a  committee  to  prepare  a  memoir.  The  President  has 
named  as  this  committee  Messrs.  I.  K.  Harris  and  E.  F.  Dwelley. 

Mr.  Morris  Knowles  gave  a  very  interesting  account  of  the  filtration  ex- 
periments made  at  Pittsburg.  The  description  was  fully  illustrated  by 
lantern  views. 

Adjourned.  S.  E.  Tinkham,  Secretary. 


Civil  Engineers'  Club  of  Cleveland. 


Regular  Meeting,  June  12,  1900. — Called  to  order  at  8.15  p.m.  by  Presi- 
dent Hopkinson.  Present,  twenty-one  members  and  six  visitors.  Messrs. 
E.  E.  Boalt,  F.  C.  Osborn  and  H.  C.  Thompson  appointed  Reception  Com- 
mittee pro  tern.  Messrs.  E.  B.  Wight  and  C.  A.  Palmer  appointed  tellers  to 
canvass  ballots  for  John  T.  Bever,  Charles  H.  Davis,  Andrew  W.  Foote, 
Harold  H.  Hill,  Edward  Horner,  J.  Verne  Stanford  and  Wm.  A.  Stinch- 
comb,  who  were  elected  to  active  membership. 

The  names  of  Charles  A.  Cadwell  and  William  C.  Clark  were  proposed 
for  active  membership. 

Letter  from  the  Engineering  Society  of  Western  New  York  was  read, 
asking  for  a  committee  from  this  Club  to  assist  in  making  plans  for  an  en- 
gineering   exhibit    at    Pan-American    Exposition.     Prof.    C.    H.    Benjamin 


TROCEEDINGS.  7 

moved  a  committee  of  tliree  l)c  appoiiiteil  for  this  purpose.  Seconded  by 
Mr.  E.  E.  Boalt  and  carried.  Messrs.  Augustus  Mordecai,  A.  H.  Porter  and 
M.  E.  Rawson  were  appointed. 

It  was  moved  and  carried  that  this  Chib,  in  company  with  the  other 
technical  clubs,  have  an  outing,  details  to  be  left  with  the  House  Committee. 

The  paper  of  the  evening,  entitled  "The  Inidikil  System,  or  a  Decimal 
System  of  Weights  and  Measures  for  the  English-Speaking  People,"  was 
read  by  'Sir.  A.  Lincoln  Hyde,  member  of  the  Club. 

Discussed  by  Messrs.  William  H.  Searles,  C.  O.  Palmer,  C.  H.  Benja- 
min. C.  W.  Hopkinson,  A.  Lincoln  Hyde,  E.  E.  Boalt,  Ludwig  Herman  and 
F.  C.  Osborn. 

Moved  by  Mr.  Robert  Hoffman,  Mr.  Ludwig  Herman  second,  that  the 
Club  adjourn  to  the  semi-monthly  meeting  June  26,  to  discuss  the  questions 
in  the  Question  Box.     Carried. 

Adjourned  at  10  p.m.  to  lunch  served  in  Club  rooms. 

Arthur  A.  Skeels,  Secretary. 


Semi-Moxthly  AIeetixg  called  to  order  8.15  p.m.  of  June  26;  President 
Hopkinson  in  chair.     Present,  nine  members  and  three  visitors. 

^Ir.  C.  O.  Palmer  opened  the  discussion  on  the  following  questions  from 
the  Question  Box : 

1.  In  what  respects  do  the  trusts  benefit  the  public;  in  what  respects  are 
they  detrimental  to  the  public;  and  do  the  benefits  outweigh  the  detriments? 

2.  In  what  respects  do  the  trusts  benefit  the  workingman ;  in  what 
respects  are  they  detrimental  to  the  workingman ;  and  do  the  benefits  out- 
weigh the  detriments? 

Discussion  followed  by  Messrs.  C.  W.  Hopkinson,  A.  Lincoln  Hyde, 
Ludwig  Herman,  Lucian  Rust  and  A.  A.  Skeels. 

:Mr.  Ludwig  Herman  moved  a  committee  of  two  be  appointed  by  the 
Chair  to  call  upon  our  late  President,  Col.  Jared  A.  Smith,  and  express  the 
regret  of  the  Club  occasioned  by  his  proposed  removal  from  the  city. 

Seconded  by  Mr.  A.  Lincoln  Hyde  and  carried. 

The  President  appointed  Messrs.  Ludwig  Herman  and  A.  Lincoln  Hyde. 

Adjourned  10.15  P-M- 

Arthur  A.  Skeels,  Secretary. 
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PROCEEDINGS. 

TecJiiiical  .S<>fiet\   of  tin-  I'aoitic  Coa.>t. 


S.\N  Fr.\ncisco,  Cal.,  August  3,  1900. — Regular  meeting  called  to  order 
at  8.30  P.M.  by  President  Percy. 

The  minutes  of  the  last  regular  meeting  were  read  and  approved. 

Mr.  \V.  W.  Oates,  architect,  of  Stockton,  was  elected  to  membership 
upon  a  count  of  ballot,  and  Mr.  George  Wright,  architect,  was  proposed  by 
G.  W.  Percy,  A.  Ballantyne  and  Otto  von  Geldern. 

Mr.  E.  A.  Rix  read  a  paper  entitled  "Compressed  Air  Pumping,"  which 
was  discussed  at  length. 

The  thanks  of  the  Society  were  voted  the  author  for  his  very  compre- 
hensive paper,  and  for  his  contribution  to  the  literature  on  this  important 
subject. 

Adjourned.  Otto  von  Geldern,  Secretary. 
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PROCEEDINGS. 

Engineers'  Society  of  Western  Ne\A'  York. 


Septemukr  4,  1900. — Meeting  called  to  order  at  8.15  p.m.  The  following 
members  present :  Messrs.  Tutton,  Diehl,  Meyer,  Knighton,  Norton,  Bab- 
cock,  Lufkin,  Sikes,  Bardol,  Tresise,  Morse,  and  two  visitors. 

In  the  absence  of  the  President,  Mr.  Tutton  called  the  meeting  to  order. 

It  was  voted  that  the  minutes  of  the  last  regular  meeting  be  approved  as 
printed  and  circulated. 

The  report  of  the  Pan-.'\merican  Committee  was  left  until  the  President 
arrived. 

Mr.  Lufkin  was  called  to  the  chair,  as  Mr.  Tutton  was  to  address  the 
Society. 

Mr.  Tuttox. — I  am  to  address  you  to-night  on  the  reconstruction  of  the 
Kinzua  viaduct. 

As  this  bridge  may  be  discussed  before  the  American  Society  of  Civil 
Engineers  by  the  designers,  I  can  give  you  but  a  brief  description  of  the 
new  mode  of  erection,  etc. 

The  Kinzua  viaduct,  as  most  of  you  are  aware,  is  in  McKean  county, 
Pa.,  and  crosses  Kinzua  Creek  and  the  Kushequa  Railroad  on  the  Bradford 
Division  of  the  Erie  Railroad.  It  is  about  sixteen  miles  south  of  Bradford 
and  three  miles  north  of  Mount  Jewett,  and  near  Mt.  Alton.  The  B.,  R.  and 
P.  R.  R.  runs  around  the  end  of  this  ravine  not  many  miles  to  the  north,  I 
should  say  about  five  or  six  miles. 

The  old  viaduct  tablet,  built  in  the  masonry  at  the  west  or  Mount  Jewett 
end,  reads  as  follows : 

General  Thomas  L.  Kane,  President. 

Robert  Harris,  Vice-President. 

Octave  Chanute,  Chief  Engineer. 

Charles  Pugsley,  Principal  Assistant. 

C.  H.  Keefer  and  William  Seaman,  Assistants. 

Located  and  designed  by  O.  W.  Barnes  and  A.  Bonzann. 

Masonry  built  by  John  C.  Noakes. 

Iron  work  built  by  Phienix  Bridge  Company. 

I  understand  the  bridge  was  built  by  the  Plucnix  Bridge  Company  under 
the  specifications  of  the  Erie  Railroad  as  they  existed  at  that  time;  that  is,  in 
i8tS2.     The  Phoenix  columns  used  were  9  inches  in  diameter. 
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The  erection  of  the  iron  work  was  started  about  April  12,  1882,  and  I  am 
a  Httle  in  doul)t  al)out  the  date  of  completion.  One  tells  me  it  was  Septem- 
ber 27;  another  that  it  was  completed  in  October;  and  another  that  it  was 
sometime  in  November  of  the  same  year. 

Ihe  viaduct,  as  built,  consists  of  two  end  spans  62  feet  each,  19  clear 
spans,  61  feet  each ;  20  tower  spans,  38  feet  6  inches,  making  the  total  length 
2053  feet;  maximum  height,  301  feet.  The  old  girders  were  uniformly  6 
feet  deep. 

This  structure  is  being  replaced  by  the  Elmira  Bridge  Company,  with 
Grattan  &  Jennings  as  sub-contractors  for  erection. 

The  new  lattice  columns  run  about  2  by  3  feet.  The  new  girders  on  the 
towers  are  5  feet  deep  and  on  the  clear  spans  6  feet  7^  inches  deep. 

The  work  of  tearing  down  the  old  structure  commenced  on  May  20, 
1900,  when  our  first  traveler  was  run  out,  and  to-day  we  are  working  on  the 
replacement  of  the  last  tower,  and  expect  to  complete  the  work  this  week, 
except  a  small  amount  of  riveting. 

The  amount  of  iron  in  the  old  bridge  was  about  1500  tons,  and  in  the 
new  bridge  approximately  3600,  which  will  enable  you  to  judge  of  their 
relative  strength. 

Both  are  single-track  bridges. 

The  travelers  and  mode  of  construction  were  the  result  of  studies  of 
Mr.  Oilman,  superintendent  of  erection  for  Grattan  &  Jennings,  and  myself. 

It  will  be  noticed  that  the  travelers  are  little  more  than  a  Howe  truss 
])ridge,  without  a  bottom,  whose  width  is  11  feet,  ard  whose  load  is  all  car- 
ried on  the  top,  at  which  place,  also,  the  bracing  is  made.  It  is  also  furnished 
with  suspended  sidewalks  for  the  safety  of  the  men  employed. 

(Mr.  Tutton  showed  a  number  of  photographs  of  the  new  mode  of  erec- 
tion, together  with  tracing  of  the  travelers,  which  were  explained  by  him  to 
the  Society,  as  also  was  the  unloading  device,  by  means  of  which  the  iron  was 
taken  from  the  cars  and  piled  where  desired.) 

The  length  of  the  travelers  is  176  feet. 

They  are  mounted  on  double  trucks  at  each  end,  and  after  being  moved 
they  are  held  in  position  by  being  simply  jacked  up  and  held  by  blocks. 

The  design  of  this  viaduct  is  quite  dififerent  from  previous  practice,  and 
may  call  forth  criticism  on  the  part  of  bridge  engineers  on  account  of  its 
lack  of  wind  liracing. 

The  Elmira  Bridge  Company  designed  the  bridge;  that  is,  I  understand, 
it  is  their  design,  they  having  submitted  several  designs  to  Chief  Engineer 
C.  W.  Buchholz  for  his  approval.  The  towers  are  braced  longitudinally ; 
there  is  no  transverse  bracing  other  than  what  you  might  call  portal  bracing. 

The  masonry  has  all  been  repaired,  and  most  of  it  was  in  good  shape. 

I  was  very  glad  the  sidewalks  were  in  place  when  I  had  occasion  to  go 
out  on  the  bridge. 

Mr.  Knighton. — How  is  the  spreading  of  the  tower  posts  accomplished 
without  the  use  of  spreaders? 

Mr.  Tutton. — When  the  beams  are  suspended  it  takes  but  Httle  force  to 
pull  them  to  position,  the  rope  being  flexible  and  long  enough  to  act  like  a 
pendulum.  We  designed  and  built  an  apparatus  that  we  called  a  spreader, 
but  found  we  had  no  occasion  to  use  it. 

The  batter  is  2  inches  per  foot.. 

The  old  structure  was  theoretically  safe  under  the  specifications  in  use  at 
that  time,  but  the  weights  of  cars  and  engines  have  changed  materially  since. 
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L'lulcr  the  [ircscnt  conditions  it  would  nut  I)c  cun>idcrcd  s;ilc,  although 
I  do  not  mean  to  imply  that  the  structure  would  now  be  unsafe  except  for 
the  fact  of  the  great  increase  in  trainloads  and  engine  weights. 

We  use  conipressscd  air  for  the  riveting.     We  are  not  doing  the  painting. 

It  was  moved  and  seconded  that  a  vote  of  thanks  of  the  Society  be  ex- 
tended to  Mr.  Tutton  for  his  very  interesting  and  instructive  address.  Car- 
ried unanimously. 

^^R.  DiEiiL.- — Mr.  President,  Mr.  P>ardol,  who  was  appointed  a  member  of 
the  Pan-American  Committee  in  place  of  Mr.  Lufkin,  who  resigned,  was 
present  at  the  meeting  this  morning  of  the  Committee  of  the  American  So- 
ciety of  Civil  Engineers  and  the  Pan-American  Committee  of  this  Society, 
and  I  would  ask  that  Mr.  Bardol  be  called  upon  to  tell  us  about  the  meeting. 

.Mr.  B.\RiK)L. — We  did  not  do  very  much.  At  10  o'clock  Mr.  Haven 
telephoned,  asking  if  I  could  attend  the  meeting.  When  I  got  there  I  found 
Major  Symons  and  Mr.  Haven,  of  this  Society,  and  Mr.  Noble,  Chairman, 
Professor  Ricketts.  Mr.  Cartright,  Mr.  Seamans  and  Mr.  Wisner,  the  Com- 
mittee of  the  American  Society  of  Civil  Engineers  on  the  Pan-American 
Exposition. 

Major  Symons  acted  as  our  spokesman,  and  explained  his  views.  He 
stated  that  he  would  like  to  have  the  co-operation  of  the  American  Society 
and  other  societies  to  bring  about  an  engineering  exhibit  next  year.  The 
question  of  expense  was  taken  up,  and  the  gentlemen  from  the  American 
Society  asked  where  the  necessary  money  was  coming  from.  Major  Symons 
stated  that  he  had  talked  with  Mr.  Buchanan,  and  thought  it  would  not  be 
difficult  to  get  sufficient  money  to  see  us  through.  The  gentlemen  of  the 
American  Society  agreed  with  the  suggestion  of  Mr.  Buchanan  that  it  was 
necessary  to  obtain  a  competent  manager  to  take  charge  of  the  exhibit,  and 
to  get  other  societies  to  co-operate  with  us. 

We  took  the  big  automobile  and  inspected  the  Pan-.'\merican  grounds, 
etc.  The  gentlemen  were  very  much  impressed  with  the  size  of  the  under- 
taking, and  they  came  back  and  held  a  meeting  in  the  afternoon. 

Mr.  Diehl. — Was  anything  said  about  a  congress? 

Mr.  B.\rdol. — They  spoke  about  that,  but  thought  it  was  not  pr.ictical. 
It  is  intended  simply  to  have  an  engineering  exhibit  with  some  prominent 
engineer  in  charge. 

They  spoke  about  establishing  headquarters  to  entertain  visiting  engi- 
neers. 

Mr.  Lufkix. — Was  anything  said  about  getting  engineering  societies  to 
hold  their  conventions  here  ne.xt  year? 

Mr.  B.xrdol. — No.  sir.  Something  was  said  about  having  an  .American 
Society  Day,  but  nothing  was  said  about  a  convention. 

The  American  Society  of  Municipal  Improvements,  which  is  composed 
largely  of  engineers  of  cities,  is  to  hold  its  convention  at  Niagara  Falls  next 
year.     This  will  arouse  some  interest. 

Mr.  Meyer. — What  is  meant  by  an  engineering  exhibit? 

Mr.  B.ariiol. — To  have  drawings  and  models.  They  have  models  of 
American  cities  at  the  Paris  Exposition.  Boston  and  New  York  furnished 
very  elaborate  exhibits. 

Major  Wheeler  also  attended  the  meeting,  and  went  out  to  the  grounds 
with  us.  He  was  asked  how  much  space  could  be  obtained,  and  he  said  he 
thought  40  X  100  feet  would  be  large.  Unfortunately  Mr.  Buchanan  is  out 
of  town,  .so  nothing  official  was  done,  but  it  is  certain  the  Pan-American 


14  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

Ccmipany  would  do  sonicUiing  toward  defraying  the  expense.  The  gentle- 
men from  the  American  Society  did  not  think  the  Society  should  be  called 
upon  to  pay  any  of  the  expense. 

Mr.  Tresise. — An  article  in  Engineering  News  a  couple  of  weeks  ago 
stated  that  an  informal  ballot  was  taken  by  the  American  Society  in  London, 
for  the  place  of  their  convention  for  1901,  and  that  Buffalo  received  the  great- 
est number  of  votes. 

Mr.  Diehl. — At  this  meeting  we  were  to  have  several  reports  of  com- 
mittees, and  the  President  had  arranged  to  have  the  printed  copies  of  the 
new  Constitution  ready  at  this  meeting.  Mr.  Haven  was  taken  ill  to-day, 
and,  in  view  of  this  fact,  the  reports  will  have  to  be  delayed  imtil  the  next 
meeting. 

Meeting  adjourned  at  9  p.m.  G.  C.   Diehl,  Secretary. 


Louisiana  Euj^ineering  Society. 


Tjie  regular  monthly  meeting  of  the  Society  was  called  to  order  on 
Monday,  August  13,  1900,  at  8  p.m.,  by  President  Malochee,  with  seventeen 
members  and  one  guest  present. 

The  minutes  of  the  last  meeting  of  the  Society  were  read  and  approved, 
and  the  minutes  of  the  meetings  of  the  Board  of  Direction  held  on  July  J4, 
July  2iS  and  August  11  were  read  for  the  information  of  the  Society. 

The  monthly  statements  of  the  Secretary  and  of  the  Treasurer  were  read 
and  approved. 

The  House  Committee  submitted  a  written  report  showing  progress, 
and  asking  to  be  authorized  to  continue  investigations  with  full  power  to  act. 
The  report  was  received  and  its  recommendations  approved. 

The  Legislative  Committee  made  a  written  report  explaining  why  the 
proposed  "act  regulating  the  practice  of  engineering  and  surveying"  had 
failed  to  pass  the  State  Legislature.     The  report  was  received. 

The  Committee  upon  Revision  of  the  City  Building  Laws  made  a  verbal 
report  of  progress.     Received. 

Mr.  Theard  made  a  verbal  report  of  progress  upon  the  preparation  of 
the  Charter  and  By-laws  for  reprint.     Received. 

The  recommendation  of  the  Board  of  Direction  in  regard  to  the  So- 
ciety giving  an  "outing"  to  Avery's  Salt  Mines  in  the  latter  part  of  Septem- 
ber or  early  part  of  October  was  approved. 

At  this  point  the  President  announced  that  the  half  hour  of  routine  busi- 
ness must  now  be  followed  by  the  technical  exercises,  after  which  the 
routine  business  could  be  resumed. 

Mr.  James  C.  Haugh's  paper  upon  "Pile-Driving  and  Creosoting," 
which  had  been  read  at  the  last  meeting  of  the  Society,  was  taken  up  for 
discussion.  Pile-driving  was  a  familiar  subject  to  most  of  those  present, 
and  a  long  and  unusually  interesting  discussion  followed. 

Mr.  W.  B.  Wright  had,  at  the  request  of  the  President,  prepared  a 
stat-ement  of  his  experience  with  pile-driving,  and  the  paper  he  read  was 
quite  interesting.  During  the  discussion  Mr.  Hazlehurst  gave  his  experi- 
ence with  pile-driving  in  Algiers  for  the  stand  pipe  of  the  Algiers  Water 
Works  Company,  together  vv^ith  some  useful  formulas  for  obtaining  the  bear- 
ing power  of  piles  in  alluvial  soil. 
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Major  Harrod  gave  some  useful  information  in  regard  to  the  foundations 
of  the  Custom  House  Building,  together  with  statistics  of  its  subsequent 
settlement. 

New  business  was  taken  up  and  a  motion  was  passed  authorizing  the 
reprint  of  the  Charter  and  By-laws  provided  it  did  not  cost  more  than  $32. 

The  following  resolution  was  put  and  carried : 

Rtsoh'cd,  That  the  Louisiana  Engineering  Society  does  hereby  extend 
to  the  Hon.  Loys  Charbonnet  its  hearty  thanks  for  his  assistance,  and  further 
tender  of  assistance,  in  the  matter  of  the  proposed  act  to  regulate  the  practice 
of  engineering  in  the  State  of  Louisiana;  further 

Rcsok'cd,  That  the  Secretary  be  instructed  to  transmit  a  copy  of  these 
resolutions  to  the  Hon.  Loys  Charbonnet. 

A  motion  was  passed  authorizing  a  committee  of  five  members  to  be 
appointed  by  the  President  as  an  "Arrangement  Committee"  for  the  pro- 
posed "outing."  President  Malochee  later  appointed  the  following  members 
to  the  committee :  Messrs.  F.  M.  Keer,  Chairman ;  James  C.  Haugh,  Jules 
Godchaux,  J.  J.  Frawley  and  Ben.  Andrews,  Jr. 

The  meeting  adjourned  at  10.15  p.m. 

Gervai.s  LoMnARD,  Secretary. 


New  Orleans,  September  20,  1900. — The  regular  meeting  of  the  Society 
was  called  to  order  by  President  Malochee,  at  8  p.m.  on  Monday,  September 
ID,  with  eighteen  members  and  one  guest  present. 

The  minutes  of  the  last  meeting  of  the  Society  were  read  and  approved, 
and  the  minutes  of  the  Board  of  Direction  meetings  held  on  August  18, 
August  30  and  September  8  were  read  for  the  information  of  the  Society. 

It  was  moved  and  carried  that  the  report  of  the  Board  of  Direction  be 
approved. 

Chairman  Kerr,  of  the  Committee  of  Arrangements  for  the  "outing," 
made  a  verbal  report  to  the  effect  that  steps  had  been  taken  looking  toward 
the  necessary  arrangements,  investigations,  etc.  So  far  no  satisfactory  ar- 
rangement had  been  made  with  the  S.  P.  R.  R.  Co.,  but  the  "committee  was 
still  in  communication  with  the  said  railroad  company,  and  expected  to  hear 
from  them  shortl3\  Basing  the  cost  of  the  train  and  transportation  upon 
the  figures  obtained  about  this  time  last  year, — that  is  $350, — the  committee 
estimates  that  with  three  hundred  guests  the  total  cost  will  amount  to  about 
$650,  and  the  committee  therefore  recommends  that  the  tickets  be  sold  to  the 
members  of  the  Society  at  $1.50  each.  This  would  leave  a  balance  of  about 
?20o  to  be  met  by  the  Society.  The  committee  further  reconunended  that,  in 
order  to  properly  boom  the  "outing"  and  make  it  a  success.  President  Malo- 
chee be  authorized  to  appoint,  as  soon  as  possible,  several  committees  as 
follows:  A  Committee  on  Finance,  a  Committee  on  Refreshments,  a  Press 
Committee  and  a  Train  Committee.  He  stated  that  the  above  estimate  in- 
cluded a  substantial  meal  and  light  refreshments.  By  motion,  the  report  was 
received  and  its  recommendations  approved,  and  the  .Arrangement  Committee, 
together  with  the  Board  of  Direction,  was  given  full  power  to  act,  it  being 
understood  that  care  be  exercised,  as  the  matter  was  one  which  required 
careful  handling. 

At  this  point  President  Malochee  was  excused  on  account  of  a  business 
engagement,  and  Vice-President  Theard  assumed  the  chairmanship. 
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As  Messrs.  Hardee,  Bell  and  Brow  were  all  three  absent,  the  discussion 
upon  the  New  Orleans  building  laws  was  deferred. 

The  Chair  announced  that  at  our  next  meeting  Mr.  W.  M.  White  would 
read  a  paper  upon  "Water  Measurement  of  a  Centrifugal  Pump  Test  at 
Jourdan  Avenue  Drainage  Station." 

The  Secretary  was  instructed  to  write  to  Mr.  Klorer  and  request  him  to 
give  his  consent  to  being  transferred  to  full  membership,  as  he  was  eligible. 

Meeting  adjourned  at  8.50  p.m. 

Gervais  Lombard,  Secretary. 


Boston  Society  of  Civil  Engineers. 


B0.ST0N,  Mass.,  September  19,  1900. — A  regular  meeting  of  the  Boston 
Society  of  Civil  Engineers  was  held  at  Chipman  Hall,  Tremont  Temple,  at 
7.45  o'clock  P.M.,  President  Alexis  H.  French  in  the  chair;  sixty-six  members 
and  visitors  present. 

The  record  of  the  last  meeting  was  read  and  approved. 

Mr.  Charles  C.  Whittier  was  elected  a  member  of  the  Society. 

The  thanks  of  the  Society  were  voted  to  the  Fore  River  Engine  Works 
for  courtesies  extended  on  the  occasion  of  the  visit  to  its  works  on  July  18, 
1900;  also  to  the  New  Bedford  Water  Board  for  courtesies  extended  on  the 
occasion  of  the  visit  to  the  pumping  station  and  reservoir  of  the  New  Bed- 
ford Water  Works,  on  August  22,  1900.  The  thanks  of  the  Society  were 
also  voted  to  the  Rockport  Granite  Company,  to  Cape  Ann  Granite  Company 
and  to  the  Pigeon  Hill  Granite  Company  for  courtesies  extended  to-day  while 
visiting  the  granite  quarries  of  these  companies  at  Cape  Ann. 

The  President  announced  the  death  of  Moses  W.  Oliver,  one  of  the  oldest 
members  of  the  Society,  which  occurred  on  September  8,  1900,  and  by  vote 
of  the  Society  the  President  was  requested  to  appoint  a  committee  to  prepare 
a  memoir.  The  committee  appointed  consists  of  Messrs.  R.  A.  Hale  and 
A.  D.  Marble. 

The  literary  exercises  of  the  evening  were  opened  by  Mr.  Henry  Manley 
with  an  account  of  the  annual  convention  of  the  American  Society  of  Civil 
Engineers  held  at  London  in  July  last.  Mr.  Edward  Sawyer  followed, 
giving  some  of  the  impressions  left  in  his  mind  from  a  trip  abroad  the  past 
summer.  Mr.  F.  W.  Hodgdon  gave  a  very  interesting  description  of  some 
of  the  docks  in  England  visited  by  him,  and  Mr.  H.  D.  Woods  spoke  of  some 
special  features  of  interest  at  the  Paris  Exposition.  Mr.  Desmond  FitzGerald 
concluded  the  exercises  with  some  remarks  on  places  visited  by  him  during 
the  summer. 

Adjourned.  S.  E.  Tinkham,  Secretary. 


Teclmical  Society  of  the  Pacific  Coast. 


Regul.\r  Meeting,  September  7,  1900. — Called  to  order  at  8.30  p.m.  by 
President  Percy. 

The  minutes  of  the  last  regular  meeting  were  read  and  approved.  A 
communication  was  read  from  the  editor  of  the  Mining  and  Scientific  Press, 
requesting  that  the  Society  permit  him  to  publish  Mr.  Dana  Harmon's  paper 
on  "Stamp  Milling,"  to  be  read  this  evening.     The  Secretary  was  instructed 
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to  comnuinicatc  with  the  editor,  staling  tliat  tlierc  would  be  no  objection  to 
the  pul)lication  of  the  paper  after  its  appearance  in  the  Journal  of  the  As- 
sociation OF  En(;ixf.kking  Socikties,  and  tliat  he  wmibl  be  notified  in  due 
time. 

Mr.  George  A.  Wright,  an  architect,  was  elected  to  membersliip  by 
ballot.  Mr.  Dana  Harmon  read  a  paper  entitled  "Stamp  Milling  of  Free 
Gold  Ores,"  which  was  discussed. 

After  expressing  the  thanks  of  the  Society  to  Mr.  Harmon  for  the  valu- 
able contribution  to  the  Society's  transactions  the  meeting  adjourned. 

Otto  von  Geldern,  Secretary. 
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Engineers'  Society  of  Western  Now  York. 


Regular  Meeting,  October  2.  1900,  at  8.15  p.m. — Mr.  Haven,  President, 
in  the  chair. 

The  following  members  were  present:  Messr.s.  Haven,  Diehl.  Sikes, 
March,  Knighton,  Wilson.  Cornell,  Whitford,  Buttolph.  Kielland,  Powell, 
Fell,  Bassett  and  Norton. 

The  minutes  of  the  last  regular  meeting  were  approved  as  printed. 

The  Executive  Board  reported  that  at  the  meeting  of  July  16  they  found 
that  the  ballots  were  almost  unanimously  in  favor  of  the  proposed  amend- 
ments to  the  Constitution  and  By-laws,  and  that  they  were  declared  adopted ; 
also  that  a  majority  of  the  votes  for  regular  meeting  night  were  for  Tuesday; 
also  that  the  President  was  ordered  to  contract  for  printing  500  copies  of 
Constitution  and  By-laws,  as  amended,  which  he  has  done. 

The  Treasurer  reported  that  there  was  $30.88  in  the  treasury!  and  that  he 
had  in  hand  bills  amounting  to  $49  awaiting  payment. 

The  Secretary  reported  that  there  were  twelve  members  who  had  not 
paid  their  dues  for  the  current  year. 

The  application  for  membership  of  Mr.  Alonzo  H.  Wat.son  was  received. 
The  President  said  that  it  had  been  approved  by  the  Executive  Board.  The 
application  was  ordered  submitted  to  a  letter  ballot. 

The  President  reported  that  the  Society  had  elected  as  members  Mr. 
George  Frederick  Morse  and  Mr.  Charles  Henry  Davis,  and  as' associate 
Dr.  Truman  J.  Martin. 

The  President  called  for  a  report  of  the  Special  Committee  on  Member- 
ship. 

Mr.  Buttolph,  one  of  the  committee,  said  that  the  Chairman  of  that  com- 
mittee had  never  called  a  meeting,  therefore  he  did  not  know  that  anything 
had  been  done.  The  President  said  that  he  supposed  that  the  object  of  com- 
mittees of  more  than  one  person  was  that  every  member  would  do  something 
and  not  leave  everything  to  the  person  first  named. 

After  some  talk  Mr.  Buttolph  moved  that  that  committee  be  discharged 
and  another  of  five  members  be  appointed.  Seconded  by  Mr.  March,  and  so 
voted. 

The  President  appointsd  Messrs.  Buttolph  (Chairman).  Sikes,  Cornell, 
Knighton  and  Wilson  a  committee  to  take  immediate-  in.n<iir.-.  in  increase 
our  membership. 
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The  Executive  Board  was  authorized  to  have  printed  500  blank  applica- 
tions for  membership  and  other  forms  to  conform  to  amended  Constitution 
and  By-laws. 

The  Librarian  made  a  report  on  various  things  connected  with  the  library, 
and  after  a  full  discussion  it  was  unanimously  voted  that  "When  there  is 
money  enough  available  in  the  treasury,  the  Librarian  shall  be  authorized  to 
procure  the  Engineering  Index  for  the  years  1884  to  1899." 

The  Committee  on  Pan-American  Engineering  Exhibit  reported  infor- 
mally that  they  were  in  correspondence  with  several  gentlemen  with  a  view  of 
recommending  one  or  more  of  them  to  the  Director-General  of  the  Pan- 
American  Exposition  Company  as  suitable  persons  to  take  charge  of  the  mat- 
ter. 

The  President  was  directed  to  appoint  a  conmiittee  of  three  on  the  pro- 
gram for  the  annual  meeting,  and  he  appointed  Messrs.  Wilson,  Cornell  and 
Speyer.  (Mr.  Wilson  declined  to  act,  and  the  President  appointed  Mr.  Geo. 
M.  Busch.)  This  committee  is  ordered  to  report  progress  at  the  November 
meeting. 

The  President  read  the  papers  in  the  "Topic  Box"  and  requested  mem- 
bers to  talk  on  any  of  them. 

Mr.  March  said,  in  reply  to  the  President,  that  he  would  at  the  annual 
meeting  talk  on  paving  brick  tests. 

Meeting  adjourned  at  9.30  p.m.  G.  C.  Diehl,  Secretary. 


Technical  Society  of  the  Pacific  Coast. 


Regular  Meeting.  October  5,  igoo. — ^Called  to  order  at  8.30  p.m.  by 
President  Percy. 

The  minutes  of  the  last  regular  meeting  were  read  and  approved. 

Mr.  Geo.  W.  Dickie  addressed  the  Society,  and  related  informally  the 
experiences  and  observations  of  his  recent  journjey  to  Europe,  where  he 
attended  the  meetings  of  the  American  Society  of  Mechanical  Engineers 
and  the  American  Society  of  Civil  Engineers,  in  London,  and  visited  the 
Paris  Exposition. 

Adjourned. 

Otto  von  Geldern.  Sccrctarx. 


Louisiana  Engineei'ing-  Society. 


President  Malochee  called  the  meeting  to  order  on  Monday,  Octo- 
ber 8,  at  8  P.M.,  with  twenty-three  members  and  two  guests  present. 

The  minutes  of  the  last  regular  meeting  of  the  Society  were  read  and 
approved.  The  minutes  of  the  regular  meeting  of  the  Board  of  Direction, 
held  on  October  6,  were  read  for  the  information  of  the  Society. 

The  reports  of  the  Secretary  and  of  the  Treasurer  were  read  and  ap- 
proved.    They  showed  a  balance  in  bank  to  date  of  $406.02. 

The  Chairman  of  the  Library  Committee  reported  verbally  that  twelve 
more  volumes  of  back  numbers  had  arrived  from  the  bookbinder,  and 
that  the  pamphlets  from  the  U.  S.  Geological  Survey,  for  which  he  had 
written,  had  also   arrived.     The   record  book  was  reported   on   the   shelf. 
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and  any  member  desiring  to  carry  books  home  could  now  do  so  by  receipting 
for  them  in  tlie  record  book. 

The  Cliairman  of  the  Outing  Committee,  Mr.  Kerr,  made  a  verbal  re- 
port to  the  effect  that  all  arrangements  for  the  outing  to  Avery  Salt 
Mines  on  Saturday  next  had  been  satisfactorily  completed,  and  that  the 
outing  was  already  an  assured  success.  He  was  glad  to  report  that  the 
total  cost  was  to  be  within  the  amount  estimated  at  the  last  meeting, — 
namely,  $650.  This  report  was  supplemented  by  that  of  Chairman  S.  F. 
Lewis,  of  the  Finance  Committee,  who  stated  that  so  far  the  tickets  sold 
amounted  to  about  $350.  Mr.  DeBuys,  the  Chairman  of  the  Refresh- 
ment Committee,  stated  that  he  had  contracted  for  all  the  refreshments 
needed,  and  that,  besides  light  refreshments  served  on  the  train  going 
and  coming,  a  substantial  noonday  meal  would  be  served  in  a  new  as- 
sembly hall  at  the  mines. 

President  Malochee  announced  that  Mr.  A.  M.  Lockett  would  read  a 
paper  at  the  November  meeting  upon  the  subject  of  "Condensers." 

The  Secretary  was  instructed  to  send  each  member  of  the  Society  a 
copy  of  the  Constitution  and  By-laws,  and  to  also  send  one  to  each  of 
the  Societies  forming  the  Association  of  Engineering  Societies. 

Under  the  head  of  Technical  Exercises  Mr.  W.  M.  White  read  a  paper 

TJpon    "Water    Measurement    of    a    Centrifugal    Pump    Test    at    Jourdan 

Avenue  Drainage  Station."     Great  interest  was  manifested,  and  after  the 

discussion  a  vote   of  thanks  was  passed  expressing  to   Mr.  White  the 

sincere  appreciation  the  Society  felt  for  his  most  interesting  paper.     Mr. 

J.  F.  Coleman  was  announced  as  Chairman  of  the  Train  Committee  for 

the  outing,  said  committee  to  consist  of  twenty-four  members. 

The  meeting  adjourned  at  9.45  p.m. 

Gervais  Lomb.ard.  Secretary. 


Montana  Society  of  i:nj?incci-s. 


Regul.xr  Meeting,  October  13,  1900.— Meeting  was  called  to  order  by 
President  Blackford  at  8.30  p.m.,  with  the  following  members  present: 
Harper,  Christian,  R.  R.  Vail,  Moore,  Sickles,  Macdonald.  Page,  Dunshee 
and  McArthur,  and  two  visitors,  Messrs.  North  and  Ingersoll.  The 
minutes  of  the  last  meeting  were  read  and  approved. 

The  application  of  Mr.  Charles  H.  Davis  was  read  and,  after  discussion, 
the  By-law  of  the  Society  with  reference  to  the  indorsement  of  the 
application  of  at  least  two  members  was  waived  by  unanimous  consent 
and  the  Secretary  instructed  to  send  out  the  usual  letter  ballot.  The 
Secretary  was  instructed  to  purchase  a  blackboard  for  the  Society. 

This  completing  the  business  before  the  meeting,  the  President  intro- 
duced Mr.  E.  C.  Sickles,  of  Anaconda,  who  read  a  paper  on  "The  Com- 
pression of  Air."  The  speaker  took  up  the  single-phase  and  double- 
phase  type  of  air  compressors  and  discussed  quite  fully  the  relative  ad- 
vantages and  efficiency  of  each,  illustrating  his  remarks  by  many  sketches 
and  drawings. 

The  paper  brought  out  an  interesting  discussion  from  the  members,  in 
which  Messrs.  Blackford,  Christian,  Harper  and  Page  took  part. 

Adjourned.  ^      .     .. ,    . 

R.  A.  McArthur.  Secretary. 
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Boston  Society  <>1  (  ivil  lOiijuiiit'ors. 


Boston,  Mass.,  Octohek  17.  1900. — A  regular  meeting  of  tlic  Boston  So- 
ciety of  Civil  Engineers  was  held  at  Chipman  Hall.  Tremont  Temple,  at  7.45 
o'clock  ^.^r.,  President  Alexis  H.  French  in  the  chair;  ninety-six  members 
and  visitors  present. 

The  record  of  the  last  meeting  was  read  and  approved. 

Messrs.  Charles  H.  Davis  and  Alfred  T.  Tomlinson  were  elected  mem- 
bers of  the  Society. 

Mr.  Frederick  Brooks,  for  himself  and  Mr.  W'm.  B.  Fuller,  a  committee 
appointed  to  prepare  a  memoir  of  Mr.  John  H.  Blake,  submitted  and  read  its 
report. 

Mr.  R(il)crt  S.  Hale  then  read  the  first  paper  of  the  evening,  entitled  "A 
Successful  Siphon." 

In  the  absence  of  the  author,  tiie  Secretary  read  a  paper  by  Mr.  William 
D.  Bullock,  entitled  "Description  of  Experiments  on  Brick  and  Concrete 
Arches." 

Mr.  I'Vederic  H.  Fay  read  a  paper  describing  some  tests  made  by  the 
Engineering  Department  of  Boston  on  "The  Strength  of  a  Rapp  F^loor  and 
of  a  Gustavino  Arch  Floor."  The  rest  of  the  evening  was  devoted  to  ac- 
counts of  several  of  the  systems  of  concrete  floor  and  arch  construction, 
which  wore  liberally  illustrated  by  lantern  views.  Mr.  William  M.  Bailey 
spoke  of  expanded  metal  in  connection  with  concrete  construction.  Mr. 
M.  C.  Tuttle  described  the  Ransome  system  of  cuncrete  work,  and  Mr.  A.  W. 
Wuixlnian  the  Roebling  .system. 

After  i)assing  votes  of  thank-  t"  M. -mv   Bailey,  Tuttle  and   Woodman, 

the  Society  adjourned. 

S.    E.    'J'lVKiivM     \,,r.-l,nv 


Boston,  Mass.,  Novkmder  21,  1900.— .\  regular  meeting  ol  the  B')>ton 
Society  of  Civil  Engineers  was  held  at  Chipman  Hall,  Tremont  Temple,  at 
7.40  o'clock  I'.M.,  Pre-idcnt  .\ie.\i>  H.  French  in  the  chair;  fifly->;ix  members 
and  visitors  present. 

The  record  of  the  last  meeting  was  read  and  approved. 

Messrs.  Roy  C.  Aiken  and  .Mfred  M.  Wyman  were  elected  members  of 
the  Society. 

The  Secretary  read  a  communication  from  the  Chairman  of  the  Board  of 
Managers  of  the  Association  of  Engineering  Societies  extending  an  invitation 
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to  the  members  of  this  Society  to  discuss  any  of  the  papers  published  in  the 
Journal;  discussions  to  be  forwarded  to  the  Secretary  of  the  Association  not 
later  than  three  months  from  the  date  of  publication  of  the  number  in  which 
the  paper  appears.  Authors  of  papers  will  be  allowed  to  close  the  discus- 
sion, if  desired,  in  a  subsequent  issue  not  over  two  months  later. 

On  motion  of  Mr.  Hodgdon,  it  was  voted  that  the  thanks  of  the  Society 
be  extended  to  the  officers  of  the  Boston  Elevated  Railway  Company  for 
courtesies  extended  at  this  afternoon's  excursion. 

Mr.  William  O.  Webber  read  the  paper  of  the  evening,  entitled  "The 
Use  of  Water  Powers  by  Direct  Air  Compression."  The  paper  was  illus- 
trated by  numerous  lantern  views.  After  a  di.scussion  in  which  Messrs.  R.  A. 
Hale.  Blood,  Coffin,  Porter  and  Webber  took  part,  the  Society  adjourned. 

S.  E.  TiNKH.'VM,  Secrctarv. 


EnsiHcer.s'  Club  of  St.  I^ouis. 


511TH  Meeting,  St.  Louis,  September  19,  1900. — The  meeting  was  called 
to  order  at  8.20  p.m..  President  Chaplin  in  the  chair;  nineteen  members  and 
nine  visitors  were  present.  The  minutes  of  the  510th  meeting  were  read  and 
approved.  The  report  of  the  295th  meeting  of  the  Executive  Committee 
was  read.  The  applications  for  membership  of  Charles  Henry  Davis,  Hugo 
Frederick  Urbaner,  Charles  H.  Tucker  and  Duncan  F.  Cameron  were  pre- 
sented to  the  Club. 

The  paper  of  the  evening,  on  "The  Electrical  Features  of  the  Paris  Ex- 
position," was  presented  by  Prof.  H.  B.  Shaw,  of  the  State  University  of 
Columbia.  Although  Professor  Shaw  did  not  attend  the  exposition,  he  re- 
viewed, in  a  most  interesting  manner,  the  important  electrical  features  con- 
nected wilh  the  exposition,  accounts  of  which  appeared  in  various  technical 
journals.  A  general  description  was  given  of  the  exposition  grounds.  The 
moving  sidewalk,  operated  by  two  large  motors,  was  compared  with-.the  one 
at  the  Chicago  World's  Fair.  The  motors  were  each  850  horse  power,  the 
largest  ever  built.  The  third-rail  road  and  a  number  of  foreign  constructions 
of  engines  and  generators  were  described. 

The  meeting  adjourned  to  the  neighboring  room,  where  a  light  lunch  was 
served.  F.  E.  B.vusch,  Secrctarv. 


5I2TH  Meeting,  St.  Louis,  October  3,  1900. — The  meeting  was  called  to 
order  at  8.15  p.m.,  with  President  Chaplin  in  the  chair;  thirty-seven  members 
and  six  visitors  were  present.  The  minutes  of  the  511th  meeting  were  read 
and  approved.  The  minutes  of  the  296th  meeting  of  the  Executive  Commit- 
tee were  read. 

The  names  of  Messrs.  Charles  H.  Tucker,  Charles  Henry  Davis,  Hugo 
Frederick  Urbaner  and  Duncan  F.  Cameron  having  been  recommended  by 
the  Executive  Committee,  they  were  balloted  for  and  declared  duly  elected 
members  of  the  Club. 

The  Committee  on  Club  Quarters  made  a  report  without  recommendation. 
It  was  moved  and  seconded,  and  the  motion  carried,  that  the  E.xecutive  Com- 
mittee arrange  for  another  evening  at  the  Office  Men's  Club  before  making  a 
final  decision^upon  the  offer  proposed  to  the  Engineers'  Club. 

Mr.  J.  A.  Ockerson  made  a  report  upon  his  duties  as  delegate  from  lliis 
Club  to  the  meetings  of  the  Society  of  Civil  Engineers  of  France. 
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The  paper  of  the  evening,  on  "The  Paris  Exposition  of  1900,"  was  pre- 
sented by  Mr.  J.  A.  Ockerson.  A  general  description  was  given  of  the 
grounds,  buildings  and  distribution  of  exhibits,  alluding  also  to  the  tram- 
ways of  Paris  and  transportation  facilities.  A  comparison  was  made  between 
the  Paris  Exposition  and  the  Chicago  World's  Fair,  the  essential  difference 
between  the  two  being  the  greatly  scattered  condition  of  the  buildings  and 
departments  of  the  former  as  compared  with  the  plan  of  concentration  and 
architectural  effect  of  the  latter.  Mr.  Ockerson  exhibited  some  excellent 
slides,  and  presented  maps  showing  location  of  exhibits  at  the  World's  Fair. 

The  meeting  adjourned  to  an  adjoining  room,  where  a  light  lunch  was 
served.  F.  E.  Bausch,  Secretary. 


513TH  Meeting,  St.  Louis,  October  17,  1900. — The  meeting  was  called  to 
order  at  8.15  p.m.,  with  President  Chaplin  in  the  chair;  twenty-four  members 
and  four  visitors  were  present.  The  minutes  of  the  Si2th  meeting  were 
read  and  approved.  The  minutes  of  the  297th  meeting  of  the  Executive 
Committee  were  read. 

The  application  for  membership  of  Gerard  Swope  having  been  recom- 
mended by  the  Executive  Committee,  he  was  balloted  for  and  declared  elected. 

The  paper  of  the  evening  was  on  "The  Sewer  System  of  St.  Louis," 
presented  by  E.  ^L  Hermann,  Sewer  Commissioner.  The  paper  treated  of 
the  construction,  maintenance,  repairs,  cleaning  and  general  operation  of 
the  sewers  of  St.  Louis.  Mr.  Hermann  presented  charts  showing  cross-sec- 
tions of  many  of  the  larger  sewers,  the  method  of  construction  and  materials 
used  in  the  walls,  etc.  He  also  exhibited  a  collection  of  lantern  slides  giving 
views  of  the  interiors  of  the  sewers,  showing  peculiar  construction  in  many 
places  and  the  character  of  tha  breaks  and  fissures  in  the  decaying  walls  of 
the  old  sewers  that  were  caused  by  the  giving  way  of  walls  undermined  by 
the  flow  of  sewage  after  the  bottoms  had  been  worn  through.  The  subject 
was  discussed  by  Messrs.  Moore  and  Pctzmann,  and  by  Professors  Van 
Ornum  and  Kinealy. 

The  meeting  adjourned  to  the  adjoining  room,  where  lunch  was  served. 

F.  E.  B.xuscH,  Secretary. 


Louisiana   ICiii;iii«M'riii<4  S«»<i«'t> 


New  OkLE.VNS,  November  15,  1900. — The  regular  monthly  meeting  of 
the  Society  was  called  to  order  on  Monday,  November  12,  1900,  at  8  p.m.,  by 
Vice-President  Theard,  with  fourteen  members  and  one  guest  present. 

The  minutes  of  the  last  meeting  of  the  Society  were  read  and  approved. 
The  minutes  of  the  Board  of  Direction  meeting,  held  on  November  10,  were 
read  for  the  information  of  the  Society.  The  leports  of  the  Secretary  and 
of  the  Treasurer  were  read  and  approved.  They  showed  a  balance  on  hand 
of  $203.70. 

Mr.  Kerr,  as  Chairman  of  the  Arrangement  Committee  for  the  "out- 
ing," submitted  a  final  written  report,  which  was  received,  and  the  committee 
relieved  of  further  duty.     The  following  resolutions  were  passed : 

Resolved.  That  the  thanks  of  the  Louisiana  Engineering  Society  are  due 
and  are  hereby  tendered  the  ofliicials  of  the  Southern  Pacific  Company  for 
the  elegant  service,  and  the  efficient,  courteous  train  crew  furnished  for  the 
"outing"  to  Avery's  Island,  on  October  13,  1900. 
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Resolved,  That  the  thanks  of  the  Louisiana  Engineering  Society  are  due 
and  are  hereby  tendered  the  Avery  Island  Rock  Salt  Mining  Company  for  the 
courteous  and  generous  reception  accorded  the  Society  on  its  outing  on 
October  13,  igoo,  recognizing  the  extent  to  which  the  management  incom- 
moded itself  and  its  officers  and  employes  in  furnishing  the  opportunity  and 
means  to  descend  into  the  mines  and  to  inspect  their  magnificent  plant,  not  to 
mention  other  personal  courtesies  during  the  course  of  a  most  enjoyable  day. 

Whereas,  The  outing  to  Avery's  Island,  given  by  the  Louisiana  Engi- 
neering Society,  on  October  13,  1900,  has  proved  a  complete  success,  afford- 
ing to  our  members  an  interesting  study  of  the  resources  of  our  State,  and 
offering  an  agreeable  recreation  to  our  guests ;  and 

Where.'VS,  The  success  of  the  outing  was  conditional  u])on  its  proper 
management;  be  it 

Resolved,  That  the  thanks  of  the  Louisiana  Engineering  Society  are 
hereby  tendered  to  the  following  gentlemen  for  the  able  and  efficient  man- 
ner in  which  they  performed  the  duties  assigned  to  them  on  that  occasion: 
President  H.  J.  Malochee;  Chairman  Kerr,  of  the  Arrangement  Committee; 
Chairman  Lewis,  of  the  Finance  Committee;  Chairman  Perrilliat,  of  the 
Press  Committee ;  Chairman  DeBuys,  of  the  Refreshment  Committee ;  Chair- 
man Coleman,  of  the  Train  Committee,  and  the  several  members  of  the  re- 
spective committees. 

Thfe  Secretary  was  ordered  to  spread  the  above  resolutions  upon  the 
minutes,  and  to  send  copies  to  the  proper  parties. 

A  tabulated  statement  of  the  assets  and  the  probable  liabilities  up  to 
January  I,  iQOi,  which  had  been  prepared  by  the  Secretary  at  the  request  of 
the  Board  of  Direction,  Vv^as  read.  It  showed  that  the  probable  balance  to 
the  credit  of  the  Society  after  all  bills  are  paid  will  amount  to  about  $435- 

A  motion  was  passed  that  the  Society  give  a  smoker  similar  to  the  one 
given  last  year.  Said  smoker  to  be  given  on  the  night  of  the  December 
meeting,  and  not  to  cost  more  than  $75. 

The  communication  from  Mr.  James  Ritchie  relative  to  discussion  of 
papers  appearing  in  the  Journal  was  read,  and  a  committee  of  three,  with 
Mr.  Tutwiler  as  Chairman,  and  Messrs.  W.  M.  White  and  Zander,  mem- 
bers, was  appointed  to  go  over  the  grounds  and  decide  what  the  best 
method  of  procedure  would  be,  and  to  report  back  to  the  Society. 

Mr.  A.  M.  Locket  stated  in  a  communication  that  his  prolonged  absence 
from  the  city  would  prevent  him  from  reading  his  paper  at  this  meeting, 
but  that  he  would  not  fail  to  read  it  at  the  December  meeting. 

The  meeting  adjourned. 

Gervais  Lombard,  Secretary. 


Ensiueer.s'  Club  of  Cincinnati. 


ii8th  Regular  Meeting,  Cincinnati,  Ohio,  October  18,  igoo.^Dinner 
was  .served  at  6.30  p.m. 

The  regular  meeting  was  called  to  order  at  8  p.m.;  President  Punshon 
in  the  chair,  and  fifteen  members  present. 

Minutes  of  the  meeting  of  September  20  were  read  and  approved. 

On  ballot  being  taken,  Mr.  Charles  H.  Davis,  of  New  York  city,  was 
elected  an  active  member. 

The  paper  for  the  evening,  by  Col.  Latham  Anderson,  on  "Economy  At- 
tainable by  the  Use  of  the  Hydraulic  Giant  in  Making  Extensive  Cuts  and 
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Fills   in   Clay  or  Gravel,"   was   read   i)y   Mr.   Elzncr   in   the   absence  of   the 
writer. 

The  paper  comprised  a  discussion  and  description  of  various  methods  of 
excavating  by  hydraulics,  with  a  special  plea  for  the  use  of  the  hydraulic 
giant,  with  instances  of  work  accomplished  by  it  at  comparatively  small  cost, 
concluding  with  a  recommendation  of  this  method  for  removing  material 
from  the  hills  west  of  Cincinnati  for  filling  Mill  Creek  bottoms. 

After  some  discussion  of  the  subject  and  a  vote  of  thanks  to  the  writer  of 
the  paper  the  meeting  adjourned. 

J.  F.  Wilson,  Secretary. 

iiQTH  Regular  Meeting,  Cixcixxati,  Ohio,  November  15,  1900. — Dinner 
was  served  at  6.25  p.m. 

The  regular  meeting  w'as  called  to  order  at  7.30  p.m.;  with  President 
Punshon  in  the  chair  and  nineteen  members  present. 

Minutes  of  the  meeting  of  October  18  were  read  and  approved. 

Application  for  active  membership,  properly  indorsed,  was  presente<l 
by  James  C.  Hobart,  secretary  and  manager  the  Triumph  Electric  and  Ice 
Machine  Company,  of  Cincinnati,  Ohio. 

The  Secretary  reported  the  death  of  Sherman  E.  Burke,  which  occurred 
accidentally  at  Dennison,  Ohio,  on  October  17,  while  participating  in  an 
inspection  trip  over  the  lines  of  the  Pennsylvania  Railroad  system,  with  which 
he  was  connected.  On  motion,  the  Chair  appointed  a  committee,  consisting 
of  Messrs.  James  A.  Lilly  and  J.  A.  Rabbe,  to  prepare  a  suitable  resolution 
in  respect  to  the  deceased  member. 

The  Secretary  read  a  communication  from  Mr.  Hugo  Diemer,  now  a 
professor  at  the  Michigan  Agricultural  College,  in  which  he  urged  that  the 
sentiments  of  the  Club  be  expressed  to  the  effect  that  the  proposed  establish- 
ment of  a  department  of  mechanical  engineering  at  the  University  of  Cin- 
cinnati be  upon  a  basis  on  a  par  with  the  other  scientific  and  classical  depart- 
ments.    On  motion,  the  same  was  laid  on  the  table. 

The  paper  for  the  evening,  received  from  Mr.  W.  B.  Ruggles,  now  As- 
sistant Engineer  of  the  Department  of  Western  Cuba,  entitled  "Improvement 
of  Matanzas  Harbor,"  in  which  he  described  the  various  plans  for  the  work, 
was  read  by  Mr.  L.  E.  Bogen.  After  the  reading  of  the  paper,  Mr.  Bogen 
exhibited  a  number  of  lantern  slides  from  views  illustrative  of  Cuban  life 
and  characteristic  of  that  country,  in  which  he  was  assisted  by  Mr.  J.  P. 
Horstman,  who  was  assistant  to  Mr.  Ruggles  on  the  work,  and  who  has  re- 
cently returned  from  Cuba. 

A  vote  of  thanks  was  tendered  Mr.  Ruggles  for  his  interesting  paper, 
and  to  Messrs.  Bogen  and  Horstman  for  the  rendition  of  the  >^anie  and  the 
preparation,  exhibition  and  description  of  the  views. 

On  motion,  adjourned. 

J.  F.  Wilson,  Secretary. 


T<'<-liiiiral  S(K'ictv  of  thr  I*a«*i(i<'  Coast. 


Regular  Meeting,  November  2,  1900. — Called  to  order  at  8.30  p.m.  by 
President  Percy. 

The  minutes  of  the  last  regular  meeting  were  read  and  approved. 

The  Secretary  read  a  letter  from  Mr.  Trautwine,  of  the  Association  of 
Engineering    Societies,    suggesting   certain    changes    in    the    wording    of 
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the  paper  on  the  subject  of  "Stamp  Milling  of  Free  Gold  Ores."  Upon 
motion,  this  matter  was  referred  to  the  Board  of  Directors,  with  the  in- 
structions that  the  paper  be  submitted  to  the  Committee  on  Publication  for 
suitable  revision. 

A  resolution  was  read  embodying  a  memoir  on  the  late  member,  W.  G. 
Curtis,  which  was  ordered  spread  upon  the  minutes  and  copies  sent  to  the 
nearest  relatives  of  the  deceased.  Also  ordered  published  in  the  Journal  gb' 
Engineering  Societies  as  customary,  with  a  half-tone  photograph  of  the  late 
member. 

The  Secretary  reported  the  death  of  Fred.  W.  Wood,  of  Los  Angeles, 
and  was  instructed  to  communicate  with  some  of  the  Society's  members  in 
that  locality  for  the  purpose  of  obtaining  a  memoir. 

The  President  appointed  a  committee  consisting  of  Messrs.  E.  F.  Haas, 
J.  G.  H.  Wolf  and  Otto  von  Geldern  to  assort  the  unbound  Journals  on 
file  in  the  library,  so  as  to  get  a  certain  number  of  them  bound,  and  to 
report  the  probable  expense  of  such  work. 

Mr.  G.  Alexander  Wright  read  a  paper  on  the  subject  of  "Arbitration: 
Its  Place  in  Our  Professional  Practice,"  which  was  discussed  by  Mr.  E.  J. 
Molera  and  Mr.  George  W.  Dickie. 

Meeting  adjourned.  Otto  von  Geldern,  Secretary. 


Civil  Kniiiiieers'  Society  of  St.  Paul. 


St.  Paul,  Minn.,  November  5,  1900. — A  regular  meeting  of  the  Civil 
Engineers'  Society  of  St.  Paul  was  held  at  8.30  p.m.  Present,  ten  members 
and  six  visitors ;  President  Powell  in  the  chair.  Minutes  of  previous  meeting 
read  and  approved. 

A  rather  informal  and  indefinite  verbal  proposition  from  the  Commercial 
Club,  touching  the  appointment  of  committees  by  that  body  and  our  own  to 
confer  on  the  advisability  of  closer  relations  between  the  two,  was  referred  to 
the  government  of  the  Society  for  more  definite  development.  The  resigna- 
tion of  Mr.  H.  N.  Elmer  was  accepted.  A  general  invitation  by  Mr.  James 
Ritchie,  Chairman  of  the  Board  of  Managers  A.  E.  S.,  to  discuss  the  pub- 
lished papers  of  the  Association,  was  read. 

No  action  was  taken  on  communications  from  the  Technical  Agency  of 
Newton,  Mass.,  and  from  Mr.  T.  W.  Hurst. 

The  application  for  membership,  submitted  by  the  Examining  Board,  of 
Mr.  Charles  H.  Davis,  of  New  York,  was  referred  to  a  committee  to  ex- 
amine and  report  on  at  the  next  regular  meeting. 

Mr.  Oliver  Crosby  read  a  paper  on  "The  Manufacture  of  Steel  Castings 
by  the  Tropenas  Process."  He  made  special  reference  to  the  plant  of  the 
American  Hoist  and  Derricks  Company,  and  exhibited  some  striking  and 
curious  specimens  of  the  steel,  together  with  drawings,  tables,  etc. 

C.  L.  Ann.\n,  Secretary. 
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PROCEEDINGS. 

Eugiiieerfs'  Society  ol"  Western  Mew  Y'ork. 


The  annual  meeting  of  the  Society  was  held  in  the  Society  rooms,  975 
Ellicott  Square,  at  4.30  and  8.30  p.m.,  Tuesday,  December  4,  1900.  There 
were  present  Messrs.  Haven,  Kielland,  Knighton,  Tutton,  Buttolph,  Norton, 
Whitford,  Weston.  Bardol,  Roberts,  Speyer,  Babcock,  Powell,  Knapp  and 
Fell.  Mr.  Knighton  was  appointed  Secretary  pro  tern.  The  minutes  of  the 
last  regular  meeting  were  approved  as  printed. 

Reports  of  the  Executive  Board,  the  Secretary,  Treasurer,  Librarian  and 
Representative  on  the  Board  of  Engineering  Societies  were  received  and  re- 
ferred to  the  Executive  Board. 

Messrs.  Buttolph  and  Kielland  were  appointed  tellers  to  canvass  the  vote 
cast  for  officers  of  the  Society  for  the  ensuing  year.  They  reported  that  the 
vote  was  unanimous,  and  thereupon  the  President  declared  that  the  follow- 
ing persons  were  elected : 

President — William  A.  Haven. 

Vice-President — George  H.  Norton. 

Directors — T.  Guilford  Smith,  for  one  year;  Louis  ?L  Knapp,  for  three 
years. 

Secretary — George  C.  Diehl. 

Treasurer — George  R.  Sikes. 

Librarian — John  A.  Knighton. 

Applications  for  membership  were  read  as  follows :  For  members — Jas- 
per S.  Youngs,  Henry  Clark.  Horace  P.  Chamberlain,  Frank  L.  Bapst,  Henry 
Bartlett  Alverson,  Charles  L.  Boardman,  John  T.  Herron,  John  J.  Clahan, 
Eugene  C.  Hanavan.  For  associates — Emmett  W.  Huntington,  Charles 
Mosier,  Louis  Marburg. 

The  Secretary  was  ordered  to  send  out  letter  ballots  for  the  above-named 
candidates. 

On  motion  of  Mr.  Norton,  it  was  voted  that  the  President  appoint  a 
committee  of  one  to  report  at  the  next  meeting  on  the  question  of  our  So- 
ciety joining  the  American  Section  of  the  International  Association  for  Test- 
ing Materials. 

Mr.  March  was  appointed  as  such  committee. 
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Mr.  Bardol  made  an  informal  report  for  the  Pan-American  Committee, 
and  after  considerable  discussion  it  was  voted  that  the  Committee  on  Pan- 
American  Affairs  be  discharged. 

Mr.  Bardol  moved  the  adoption  of  the  following  resolution : 

That  the  Secretary  be  directed  to  write  a  letter  to  Mr.  Selini  H.  Pea- 
body.  Superintendent  of  Liberal  Arts  of  the  Pan-American  Exposition 
Company,  and  intimate  to  him  that  this  Society  will  appoint  a  committee  to 
co-operate  with  him  or  the  Exposition  Company  in  the  matter  of  an  Engineer- 
ing Exhibit,  if  they  desire  to  have  such  an  exhibit,  and  to  call  attention  to 
what  has  been  done;  to  report  at  the  next  meeting. 

Seconded  by  Mr.  Norton,  and  carried  unanimously. 

The  President  thanked  the  Society  for  his  re-election  as  President,  and 
said  that  the  Constitution  provided  that  the  outgoing  President  should  make 
a  report  and  address,  but  that,  as  at  the  present  time  there  did  not  seem  to 
be  an  outgoing  President,  no  address  had  been  prepared.  He  spoke  on  the 
general  condition  of  the  Society,  and  what,  in  his  opinion,  should  be  done  for 
its  welfare.  He  also  promised  that  before  the  next  meeting  he  would  write 
his  address  in  a  more  formal  way  and  deliver  it  to  the  Society. 

The  President  then  presented  to  the  Society  a  "Description  of  a  Com- 
pleat  Enginier,"  copied  from  a  book  written  by  David  Papillon,  Gent.,  pub- 
lished in  London,  in  1645,  chapter  first  of  which  book  is  headed  "Of  the  True 
Character  of  a  Compleat  Enginier."  This  chapter  was  copied  verbatim,  and 
the  President  said  he  would  have  it  properly  framed  and  hung  up  in  the  rooms 
of  the  Society.  The  Society  received  the  gift  with  a  vote  of  thanks  to  the 
President. 

Adjourned  at  11.55  P-M. 

John  A.  Knighton,  Secretary  pro  tern. 

Report  of  the  Secret.\rv. 

Buffalo,  N.  Y.,  December  i,  1900. 
\\'.  A.  H.\ven.  Esq.,  President  Engineers'  Soc.  of  Western   New  York, 

BUFF.\L0,   N.   Y. 

Dear  Sir^ — In  compliance  with  Article  I,  Section  3,  of  the  By-laws,  I 
submit  the  following  report : 

Members — January  i,  1900,  there  were  thirty-two  members  whose  dues 
were  paid;  thirty-one  members  whose  dues  were  unpaid;  total,  sixty-three. 

During  the  past  j'ear  sixteen  members  have  been  indefinitely  suspended 
for  non-payment  of  dues ;  one  member  has  resigned ;  one  honorary  member 
has  been  elected ;  twelve  new  members  have  been  elected ;  one  associate  has 
been  elected ;  seven  applications  for  membership  are  on  hand. 

December  i,  1900,  there  were  fifty-six  members  whose  dues  were  paid; 
six  members  whose  dues  were  unpaid;  total,  sixty-two. 

DUES. 

Total  amount  received  from  members  from  December  21,  1899,  to  December 
I,  1900: 

Entrance  fees   $70.00 

Dues 497-50 

Key  deposits   3.25 

$570.75 
Amount    deposited    with    Treasurer    570.75 
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MEETINGS   OF   THE   SOCIETY. 

Nine  meetings  of  the  Society  have  heen  lield  since  Jannary  i,  1900.  with 
an  average  attendance  of  eighteen. 

Eleven  meetings  of  the  Executive  Board  have  been  held  since  December 
16,  1899.  with  an  average  attendance  of  five. 

On  July  7,  1900,  through  the  courtesy  of  Major  Thomas  W.  Symons, 
U.  S.  A.,  the  Society  visited  the  United  States  Government  Breakwater  and 
work  connected  therewith. 

Respectfully  submitted, 

G.  C.  DiEHL,  Secretary. 

Condensed  report  of  the  Treasurer  : 

GENERAL    FUND. 

Cash  on  hand  December  4,  1899 $138.89 

Total  received  from  Secretary,  December  4,  1900 508.25 

Interest  on  deposits,  December  4,   1900 i.o8 

Total  $648.22 

DISBURSEMENTS. 

( See    Classification)     $635. 25 

Cash  on  hand  December  4,  1900 12.97 

$648.22 

CLASSIFIC.VTION  OF  EXPENDITURES,  1899-I9OO. 

For  expenses  prior  to  annual  meeting  of  1899 $19.00 

For  expenses  of  annual  meeting  1899 56.88 

For  monthly  meetings,  notices,  reports  and  printing  proceedings.  ..  .  90.75 

For  stationery,  postage,  etc 56.81 

For  amendments  to  Constitution  and  By-laws,  typewriting  and  print- 
ing    42.75 

For  new  bookcase   5 1  -oo 

For  additions  to  library 4-75 

For  membership  in  Association  of  Engineering  Societies  9475 

For  rent  of  975  Ellicott  Square 190.00 

For  miscellaneous  expenses 28.56 

Total  56^^.25 

PERMANENT    FUND. 

Cash  on  hand  December  4,  1899 $80.00 

Total  received  from  Secretary,  December  4,  1900 90.00 

Interest  on  deposits 2.36 

Total  in  Erie  Co.  Savings  Bank  $17236 

Condensed  bv 

W.  A.  Haven,  President. 

REPORT  OF  THE  LIBRARIAN  FOR  THE  YEAR    I9OO. 

Buffalo,  N.  Y.,  December  4,  1900. 
There  has  been   expended  on   the   library  proper   during  the   year   the 
following  amounts : 
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Bookcase    $51.00 

Engineering  Magazine  3.00 

Engineer  (London)   8.50 

Water  and  Gas  Review  .95 

Cassie/s  Magazine    2.75 

Topographical  maps  of  New  York  State   2.00 

Table  of  altitudes  .40 

Engineering  indexes    5-45 

Temporary   binding    4.75 

Total $78.80 

Received  for  old  bookcase  $50,  making  a  net  expenditure  of  $28.80. 
Additions  to  the  library  other  than  by  purchase  are  as  follows  : 

Exchanges    123  numbers. 

Donations — Reports,  etc 433 

Catalogues   23 

Total   579      " 

Periodicals,  purchased  as  above  88       " 

Total  additions  during  year 667       " 

This  library  is  becoming  more  valuable  each  day  for  reference  purposes, 
and  in  order  that  the  material  on  hand  may  become  properly  available  it  is 
indispensable  that  a  substantial  appropriation  be  made  each  year  for  binding 
and  for  additional  bookcases,  as  well  as  for  current  literature  We  need  at 
present  $50  for  binding  periodicals,  etc.,  an  '  an  equal  amount  for  bookcases. 

An  unfortunate  feature  in  connection  with  our  exchanges  is  that  we  have 
but  little  to  offer  Societies  which  publish  their  own  proceedings,  and  are 
supplied  from  other  sources  with  the  Journal  of  the  Association  of  Engi- 
jSTEERiNG  Societies.  As  a  result  we  have  lost  one  valuable  exchange  during 
the  past  year. 

The  Society  is  especially  indebted  to  Mr.  John  C.  Trautwine,  Jr.,  for  a 
copy  of  "The  Civil  Engineer's  Pocket  Book,"  to  Mr.  George  W.  Rafter,  for 
papers  and  reports,  to  Mr.  Charles  H.  Tutton,  for  periodicals,  and  to  Mr. 
Horatio  A.  Foster,  for  books  and  maps. 

Respectfully  submitted, 

J.  A.  Knighton,  Librarian. 


Louisiana  Eiigiiieeriug-  Society, 


The  regular  meeting  of  the  Louisiana  Engineering  Society  was  called 
to  order  on  Monday,  December  10,  1900,  at  8  o'clock,  by  President  Malochee, 
with  thirty-eight  members  and  fifty-five  guests  present. 

The  minutes  of  the  last  meeting  of  the  Society  were  read  and  approved. 
The  minutes  of  the  meeting  of  the  Board  of  Direction  on  December  8,  1900, 
were  read  for  the  information  of  the  Society. 

The  monthly  statements  of  the  Secretary  and  of  the  Treasurer  were 
read  and  approved.     They  showed  a  balance  on  hand  of  $326.17. 

Chairman  Kerr,  of  the  Auditing  Committee,  made  a  verbal  report,  in 
which  he  called  the  attention  of  the  members  to  the  considerable  sum  it 
was  necessary  to  pay  to  the  collector,  and  requested  the  members  to  save 
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this  amount  to  the  Society  by  paying  in  their  dues  promiitly  upuu  receipt  "f 
the  quarterly  bills.     Mr.  Kerr's  verbal  report  was  received  and  api>roved. 

The  Library  Committee  submitted  a  written  report  (sec  Secretary's  file) 
stating  that  ten  more  volumes  of  the  back  numbers  of  our  periodicals  had 
been  sent  to  the  hinder,  and  that  a  handsome  cypress  case  for  the  periodicals 
had  been  made  and  placed  in  the  library.  The  committee  also  asked  for 
authority  to  renew  the  subscriptions  to  all  the  periodicals  now  on  our  list, 
substituting  the  Iron  Age  for  the  Army  and  Xavy  Journal.  The  conmiittee 
suggested  that  a  monthly  appropriation  be  made  for  the  purp(;se  of  pur- 
chasing new  books.  The  report  was  received  and  referred  to  the  Board  of 
Direction  with  full  power  to  act. 

Chairman  Tutwiler,  of  the  committee  appointed  to  recommend  the  best 
method  of  discussing  the  papers  appearing  in  the  Journ.m.,  in  accordance 
with  the  request  of  Mr.  James  Ritchie,  chairman  of  Board  of  Managers  of 
the  Association  of  Engineering  Societies,  made  a  written  report  recommend- 
ing that,  though  Mr.  Ritchie  invited  the  individual  members  to  discuss  the 
papers,  our  President  be  authorized  to  select  the  paper  to  be  discussed,  and 
have  the  Secretary  send  the  members,  with  the  notices  of  the  meeting,  a  notice 
of  the  selection  of  said  paper  for  discussion,  in  order  that  those  wishing  to  do 
so  could  prepare  for  the  discussion.  These  discussions  upon  the  floor  to 
take  place  whenever  the  regular  meetings  of  the  Society  were  not  entirely 
taken  up  with  the  Society's  own  transactions.  After  the  discussion  the 
President  is  to  appoint  some  member  present,  who  is  specially  fitted  to  do  so, 
to  take  up  the  discussion  and  publish  it  in  the  Journal.  The  committee 
further  recommended  that  the  Secretary  be  instructed  to  send  a  circular 
letter  to  the  members  informing  them  of  Chairman  Ritchie's  invitation.  The 
report  was  received,  and  its  recommendations  approved. 

The  nomination  of  officers  for  1901  was  declared  in  order,  and  a  motion 
was  passed  that  three  tellers  be  appointed  by  the  President  to  poll  the  votes. 
In  accordance  with  the  By-laws  two  names  were  balloted  upon  for  nomina- 
tion to  each  office.  Messrs.  DeBuys,  Wright  and  A.  Raymond  were  ap- 
pointed tellers,  and  upon  the  first  ballot  they  announced  that  Mr.  Alfred  F. 
Theard  and  Major  Frank  M.  Kerr  had  been  nominated  for  the  Presidency. 
The  balloting  for  Vice-President,  etc.,  had  commenced  when  a  motion  to 
adjourn  was  passed. 

Then  commenced  a  jolly  smoker  which  lasted  until  midnight. 

Gerv.ms  Lo.vib.vrd,  Secretary. 


Technical  Socu'ty  <»(' Uir  l*;i<ifir  Com-nI, 


Regular  Meeting,  Decemuek  7,  igoo.— Called  to  order  at  8.30  p.m.  by 
President  Percy. 

The  minutes  of  the  last  regular  meeting  were  read  and  approved. 

Mr.  Wolf,  member  of  the  Committee  on  Binding  Journals,  reported  what 
had  been  done  in  the  matter  of  searching  out  the  various  periodicals  and 
making  a  list  of  missing  numbers.     Further  time  was  asked  and  granted. 

The  following  committee  was  appointed  by  members  present  for  the 
purpose  of  nominating  a  list  of  officers  of  the  Society  for  the  year  19O!  : 
C.  E.  Grunsky.  J.  H.  Wallace.  Hubert  Vischer.  Luther  Wagoner  and  G.  .\. 
Wright. 
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The  Secretary  was  instructed  to  notify  these  members  of  their  appoint- 
ment. 

The  following  applications  for  membership  were  made: 

For  members — Harris  D.  Connick,  civil  engineer,  of  San  Francisco,  pro- 
posed by  Luther  Wagoner,  Edw.  F.  Haas  and  Otto  von  Geldern ;  John  J. 
Hollister.  civil  engineer,  of  Santa  Barbara,  Cal.,  proposed  by  Luther  Wagoner, 
Edw.  F.  Haas  and  Otto  von  Geldern ;  Norman  B.  Livermore,  civil  engineer, 
Board  of  Public  Works,  San  Francisco,  proposed  by  Luther  Wagoner,  Edw. 
F.  Haas  and  Otto  von  Geldern. 

]\ir.  George  W.  Dickie  read  a  paper  en  the  subject  of  "The  Need  of 
Education  of  the  Judgment  in  Dealing  with  Technical  Matters,"  which  was 
discussed  at  length. 

Adjourned.  Otto  von  Geldern,  Secretary. 


Death  of   President  George  W.    Percy. 

The  President  of  the  Technical  Society  of  the  Pacific  Coast,  Mr.  G.  W. 
Percy,  died  in  Oakland,  Cal.,  on  December  14,  1900.  His  death,  due  to 
heart  trouble,  came  as  a  sudden  surprise  to  all,  for  he  had  been  at  his  office 
on  the  day  preceding  his  death,  and  had  presided  at  a  meeting  of  the  So- 
ciety a  few  days  before  the  sad  news  came  that  the  name  of  its  genial  Presi- 
dent had  to  be  stricken  from  the  roll  forever. 

Funeral  services  were  held  on  Sunday,  the  i6th,  attended  by  the  members 
of  the  Technical  Society,  as  well  as  by  many  other  representatives  of  the 
technical  professions. 

Mr.  Percy  was  one  of  the  foremost  architects  of  California,  having  built 
some  of  the  largest  and  finest  buildings  in  San  Francisco.  The  Journal 
contains  several  professional  papers  from  his  pen  on  architectural  subjects. 

His  death  is  a  great  loss  to  the  Society,  whose  staunch  friend  and  sup- 
porter he  had  always  been. 

In  proper  time  a  suitable  memorial  to  his  name  will  be  drawn  and  sent 
to  the  Journal  for  publication. 

Air.  Percy  was  born  in  Bath,  Me.,  and  was  fifty-three  years  old  at  the 
time  of  his  death. 


Eug-ineers'  Club  of  St.  Loiii.'-*. 


514TH  INIeeting,  November  7. — The  meeting  was  called  to  order  at  8.30 
P.M.,  at  the  Office  Men's  Club,  with  President  W.  S.  Chaplin  in  the  chair. 
Twenty-seven  members  and  eighteen  visitors  w-ere  present.  The  minutes  of 
the  513th  meeting  were  read  and  approved.  The  names  of  Frederick  P. 
Spaulding,  Francis  J.  Llewellyn  and  Warren  A.  Tyrell  were  proposed  for 
membership  in  the  Club.  A  letter  was  received  from  Monsieur  G.  Eiffel,  the 
distinguished  French  engineer,  announcing  the  gift  of  two  volumes  on  a 
scientific  subject,  of  which  he  is  the  author.  A  communication  was  received 
from  the  Association  of  Engineering  Societies,  extending  a  general  invitation 
to  members  of  the  Engineers'  Club  to  discuss  any  of  the  papers  appearing  in 
the  Journal,  the  discussion  to  be  forwarded  to  the  Secretary  of  the  Associa- 
tion not  later  than  three  months  from  the  date  of  publication  of  the  paper. 

The  paper  of  the  evening  was  on  "The  Steel  Skeleton  Construction  of  a 
High  Office  Building."  b}'  Mr.  J.  S.  Branne. 
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Mr.  Braniic  cxplainod  tlio  origin  and  d(.'vcl(^i>incnt  of  steel  con.-truction 
for  liigh  office  liuildings.  He  discussed  the  steel  construction  from  the  struc- 
tural engineer's  standpoint  and  exhibited  various  elevations,  sections  and 
floor  plans.  The  paper  treated  of  the  foundations,  floors,  columns,  wind 
bracing  and  typical  details  of  a  high  office  building. 

The  discussion  was  participated  in  by  Messrs.  Cliaplin.  Borden.  Fay  and 
Johnson. 

Meeting  adjourned.  F.  E.  B.xusch,  Secretary. 


515TH  Meeting.  November  21,  1900. — The  meeting  was  called  to  order  at 
8.15  P.M.,  1600  Lucas  Place,  with  President  W.  S.  Chaplin  in  the  chair. 
Thirty-one  members  and  nine  visitors  were  present.  The  minutes  of  the 
514th  meeting  were  read  and  approved.  The  minutes  of  the  299th  meeting  of 
the  Executive  Committee  were  read.  The  names  of  Frederick  P.  Spauld- 
ing,  Francis  J.  Llewellyn  and  Warren  A.  Tyrell  were  balloted  for  and  unani- 
mously elected. 

A  motion  was  made  and  carried  to  decline  with  thanks  the  proposal  of 
the  Office  Men's  Club  to  provide  for  Club  quarters  at  a  stipulated  rental  in 
its  building,  3022  Olive  street.  It  was  moved  and  the  motion  unanimously 
carried  that  a  committee  of  five  be  elected  to  form  a  committee  on  nomina- 
tions for  officers  for  the  ensuing  year.  The  five  members  so  elected  were 
Messrs.  Ockerson,  Hermann,  Moore,  Flad  and  Colby. 

On  motion  of  Mr.  Pitzman,  the  motion  being  duly  carried,  the  Chair 
appointed  a  committee  of  five — viz,  iMessrs.  J.  Pitzman,  E.  J.  Spencer, 
William  Bouton,  H.  H.  Humphrey  and  A.  H.  Zeller — to  solicit  further  sub- 
scriptions, increasing  the  Engineers'  Club  share  of  contribution  to  the  World's 
Fair  funds. 

The  Secretary  was  instructed  to  draft  a  letter  to  be  mailed  to  members 
explaining  the  need  of  an  increased  subscription,  inclosing  also  a  blank  form 
returnable  to  Mr.  J.  Pitzman. 

The  allotment  to  the  Engineers'  Club  for  World's  Fair  aid  is  $15,000. 
It  is  hoped  that  this  sum  will  be  promptly  met  and  that  the  members  will, 
individually,  take  an  active  interest. 

The  paper  of  the  evening  was  on  '"Street  Lighting  of  Cities,"  by  Mr. 
H.  H.  Humphrey.  The  question  of  proper  illumination  of  streets  in  a 
large  city  was  thoroughly  reviewed,  the  speaker  referring  to  the  recent  de- 
velopments in  street  illumination  in  St.  Louis  with  a  view  to  adopt  a  uniform 
and  diffused  light  in  preference  to  the  one,  as  he  expressed  it,  which  gives 
brilliantly  lighted  crossings  and  Egyptian  darkness  in  the  middle  of  the 
blocks.  The  developments  appear  to  be  along  the  lines  of  the  inclosed  arc 
lamps  and  the  improved  mantle  gas  lamps  quite  familiar  to  St.  Louisans. 
Comparisons  were  made  between  the  direct-current  series  inclosed  arc 
and  the  alternating  series  inclosed  arc.  The  comparative  difference  in  candle 
power  of  the  two  lamps  with  the  same  consumption  of  energy  being  un- 
questioned, the  former  lamp  was  adopted  in  connection  with  the  new  lighting 
contract.  The  city  required  480  watts  at  the  arc  regardless  of  the  candle 
power,  but  thanks  to  the  engineers  of  the  plant,  at  least  in  this  instance,  they 
give  the  public  the  benefit  of  the  16  per  cent,  increase  in  light. 

A  general  description  of  the  new  city  lighting  plant  was  given  with  a 
discussion  of  its  principal  engineering  features,  also  a  data  sheet  giving  a 
test  of  one  of  the  units  and  some  data  obtained  from  a  test  of  another  high- 
voltage  plant. 
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A  number  of  slides  in  connection  with  the  city  lighting  plant  were  ex- 
hibited. 

The  discussion  of  the  paper  was  participated  in  by  Messrs.  Humphreyj 
Flad,  Kinealy,  Bouton,  Spencer,  Roper,  Reber  and  Hermann.  The  meeting 
adjourned  to  an  adjoining  room,  where  lunch  was  served. 

F.  E.  Bausch,  Secretary. 


Boston  Society  of  Civil  Engineers. 


Boston,  Mass.,  December  19,  1900. — A  regular  meeting  of  the  Boston 
Society  of  Civil  Engineers  was  held  at  Chipman  Hall,  Tremont  Temple,  at 
7.50  P.M. ;  President  Alexis  H.  French  in  the  chair.  Eighty-four  members 
and  visitors  present. 

The  record  of  the  last  meeting  was  read  and  approved. 

Messrs.  William  L.  Blossom  and  Walter  H.  Sawyer  were  elected  mem- 
bers of  the  Society. 

The  thanks  of  the  Society  were  voted  to  Alexander  Martin,  agent  of  the 
Cunard  Steamship  Company,  Limited,  and  to  Captain  Pritchard  and  Chief 
Engineer  MacFarlane,  of  the  "Saxonia,"  for  courtesies  extended  on  the  oc- 
casion of  our  visit  to  the  steamship  "Saxonia"  on  Thursday,  December  6; 
also  to  the  New  England  Electric  Vehicle  Transportation  Company  for  cour- 
tesies extended  to  us  this  afternoon  on  the  occasion  of  our  visit  to  its  plant. 

Mr.  Albert  S.  Cheever  read  the  first  paper  of  the  evening,  entitled 
"Stone  Arch  Bridges  Recently  Constructed  on  the  Fitchburg  Railroad." 
Mr.  James  W.  Rollins,  Jr.,  followed  with  a  paper  on  "Arch  Centers."  Both 
papers  were  profusely  illustrated  by  lantern  views. 

Adjourned.  S.  E.  Tinkham,  Secretary. 


Montana  Society  of  P^usineers. 


At  a  special  meeting  of  the  Society  held  on  November  24,  Butte  was 
selected  as  the  place  for  holding  the  annual  meeting,  and  the  dates  January 
10,  II  and  12,  igoi.  President  Blackford  appointed  the  following  commit- 
tees: 

On  Transportation — H.  W.  Turner. 

On  Arrangements— R.  A.  McArthur,  E.  H.  Wilson,  G.  W.  Tower,  Jr., 
C.  H.  Moore  and  Eugene  Carroll. 


The  regular  meeting  was  held  on  December  8,  1900;  President  Blackford 
in  the  chair.  Seven  members  present.  Charles  H.  Bowman  and  George 
T.  Ingersoll,  both  of  Butte,  were  elected  to  membership. 

The  Committee  on  Transportation  for  the  annual  meeting  reported  that 
the  Northern  Pacific  Railroad  and  the  B.  A.  and  P.  Ry.  Companies  had  re- 
plied to  his  request  for  a  single  fare  for  members  and  visitors  to  the  annual 
meeting,  and  both  had  kindly  granted  the  :^ame.  The  Great  Northern  and 
the  Oregon  Short  Line  Companies  had  not  yet  replied  owing  to  short  time, 
but  he  had  been  assured  that  the  answers  would  be  satisfactory. 

The  Committee  on  Arrangements  reported  progress,  and  promised  to 
issue  a  preliminary  program  of  the  meeting  in  a  few  days.  There  being  no 
further  business,  the  meeting  adjourned. 

Robert  A.  McArthur,  Secretary. 
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Knaiiu'ors'  Soci<'<\   <»f  St.   I'aiil. 


St.  Paul,  Minn..  DhXEMBER  3.  1900. — A  regular  meeting  of  the  Civil 
Engineers'  Society  of  St.  Paul  was  held  at  8.30  p.m.  Present,  seven  members 
and  one  visitor.  President  Powell  in  the  chair.  Minutes  of  previous  meeting 
read  and  approved. 

Mr.  George  S.  Edmondstone  and  Mr.  Xoah  Johnson  were  elected  to 
membership. 

Xo  paper  or  discussion  preceded  adjournment. 

C.  L.  Ann.\n,  Secretary. 


MEMBERS  ARE  ADVISED  .  . 
THAT  THEY  CAN  OBTAIN 


Reprints  or  Extra  Copies  of  their  Papers 

AT  THE  FOLLOWING  RATES: 


Covers 

4  pases  or  less    5  to  S  pages       9  to  16  pages     17  to  24  pages '    extra. 


100  Copies 

$2.25 

$4.00 

$5.50 

$9.25 

$2.25 

250      " 

2.75 

5.00 

6.50 

11.25 

2.75 

500      *' 

3.50 

6.50 

8.75 

I5.C0 

3.50 

1000      " 

4.50 

8.75 

12.50 

2i.00 

4.50 

An  extra  charge  will  be  made  for  printing  and  in- 
serting such  illustrations  as  are  not  printed  on  the  same 
pages  as  the  text,  and  for  enameled  paper,  when  this  is 
used,  but  it  is  of  course  impossible  to  name  rates  for 
this  in   advance. 

When  reprints  are  wanted,  notice  of  the  fact,  stat- 
ing how  many  are  desired  and  whether  thev  are  to  be 
furnished  with  covers,  should  accompany  the  paper  when 
it  is  sent  to  the  Secretary  of  the  Association. 

If  the  paper  has  been  discussed,  please  state  whether 
it  is  desired  that  the  reprint  shall  contain  the  discussion. 


JOHN  C.  TRAUTWINE,  Jr.,  Secretary, 

257  SOUTH   FOURTH  STREET, 
PHILADELPHIA. 
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